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We have developed a novel "real time" quantitative PCR method. The method measures PCR product 
accumulation through a dual-labeled fluorogenic probe (Le., TaqMan Probe). This method provides very 
accurate and reproducible quantitation of gene copies. Unlike other quantitative PCR methods, real-time PCR 
does not require post-PCR sample handling, preventing potential PCR product carry-over contamination and 
resulting in much faster and higher throughput assays. The real-time PCR method has a very large dynamic 
range of starting target molecule determination (at least five orders of magnitude). Real-time quantitative 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysts has 
had an important role in many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has been used extensively in monitoring 
biological responses to various stimuli (Tan et al. 
1994; Huang et al. 1995a,b; Prud'homme et al. 
1995). Quantitative gene analysis (DNA) has 
been used to determine the genome quantity of a 
particular gene, as in the case of the human HER2 
gene, which is amplified in -30% of breast tu- 
mors (Slamon et al. 1987). Gene and genome 
quantitation (DNA and RNA) also have been used 
for analysis of human immunodeficiency virus 
(HIV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; Piatak et al. 1993b; 
Furtado et al 1995). 

Many methods have been described for the 
quantitative analysis of nucleic acid sequences 
(both for RNA and DNA; Southern 1975; Sharp et 
ai. 1980; Thomas 1980). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (RT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made pos- 
sible many experiments that could not have been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 
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that it be used properly for quantitation (Raey- 
maekers 1995). Many early reports of quantita- 
tive PCR and RT-PCR described quantitation of 
the PCR product but did not measure the initial 
target sequence quantity. It is essential to design 
proper controls for the quantitation of the initial 
target sequences (Ferre 1992; Clementi et al. 
1993). 

Researchers have developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the reaction before the plateau (Kellogg et al. 
1990; Pang et al. 1990). This method requires 
that each sample has equal input amounts of 
nucleic acid and that each sample under analysis 
amplifies with identical efficiency up to the point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tities, such as p-actin) can be used for sample 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for both the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QC)-PCR, has been developed 
and is used widely for PCR quantitation. QC-PCR 
relies on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Piatak et al. I993a,b). The efficiency of each re- 
action is normalized to the internal competitor. 
A known amount of internal competitor can be 
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added to each sample. To obtain relative quani- 
tation, the unknown target PCR product is com- 
pared with the known competitor PCR product. 
Success of a quantitative competitive PCR assay 
relies on developing an internal control that am- 
plifies with the same efficiency as the target mol- 
ecule. The design of the competitor and the vali- 
dation of amplification efficiencies require a 
dedicated effort. However, because QC-PCR does 
not require that PCR products be analyzed during 
the log phase of the amplification, it is the easier 
of the two methods to use. 

Several detection systems are used for quan- 
titative PCR and RT-PCR analysis: (1) agarose 
gels, (2) fluorescent labeling of PCR products and 
detection with laser-induced fluorescence using 
capillary electrophoresis (Fasco et aL 1995; Wil- 
liams et ah 1996) or acrylamide gels, and (3) plate 
capture and sandwich probe hybridization (Mul- 
der et aL 1994). Although these methods proved 
successful, each method requires post-PCR ma- 
nipulations that add time to the analysis and 
may lead to laboratory contamination. The 
sample throughput of these methods is limited 
(with the exception of the plate capture ap- 
proach), and, therefore, these methods are not 
well suited for uses demanding high sample 
throughput (i.e., screening of large numbers of 
biomoiecuies or analyzing samples for diagnos- 
tics or clinical trials). 

Here we report the development of a novel 
assay for quantitative DNA analysis. The assay is 
based on the use of the 5' nuclease assay first 
described by Holland et al. (1991). The method 
uses the 5' nuclease activity of Taq polymerase to 
cleave a nonextendible hybridization probe dur- 
ing the extension phase of PCR. The approach 
uses duaMabeled fluorogenic hybridization 
probes (Lee et aL 1993; Bassler et aL 1995; Livak 
et aL 1995a,b). One fluorescent dye serves as a 
reporter [FAM (i.e., 6-carboxyfluorescein)] and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (i.e., 6-carboxy-tetramethyl- 
rhodamine). The nuclease degradation of the hy- 
bridization probe releases the quenching of the 
FAM fluorescent emission, resulting in an in- 
crease in peak fluorescent emission at 518 nm. 
The use of a sequence detector (ABI Prism) allows 
measurement of fluorescent spectra of all 96 wells 
of the thermal cycler continuously during the 
PCR amplification. Therefore, the reactions are 
monitored in real time. The output data is de- 
scribed and quantitative analysis of input target 
DNA sequences is discussed below. 



RESULTS 

PCR Product Detection in Real Time 

The goal was to develop a high-throughput, sen- 
sitive, and accurate gene quantitation assay for 
use in monitoring iipid-mediated therapeutic 
gene delivery. A plasmid-encoding human factor 
VI 11 gene sequence, pF8TM (see Methods), was 
used as a model therapeutic gene. The assay uses 
fluorescent Taqman methodology and an instru- 
ment capable of measuring fluorescence in real 
time (ABI Prism 7700 Sequence Detector). The 
Taqman reaction requires a hybridization probe 
labeled with two different fluorescent dyes. One 
dye is a reporter dye (FAM), the other is a quench- 
ing dye (TAMRA). When the probe is intact, fluo- 
rescent energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During the extension 
phase of the PCR cycle, the fluorescent hybrid- 
ization probe is cleaved by the 5'~3' nucleolytic 
activity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re- 
sulting in an increase of the reporter dye fluores- 
cent emission spectra. PCR primers and probes 
were designed for the human factor VIII se- 
quence and human p-actin gene (as described in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe and 
magnesium concentrations yielding the highest 
intensity of reporter fluorescent signal without 
sacrificing specificity. The instrument uses a 
charge-coupled device (i.e., CCD camera) for 
measuring the fluorescent emission spectra from 
500 to 650 nm. Each PCR tube was monitored 
sequentially for 25 msec with continuous moni- 
toring throughout the amplification. Each tube 
was re-examined every 8.5 sec. Computer soft- 
ware was designed to examine the fluorescent in- 
tensity of both the reporter dye (FAM) and 
the quenching dye (TAMRA). The fluorescent 
intensity of the quenching dye, TAMRA, changes 
very little over the course of the PCR amplifi- 
cation (data not shown). Therefore, the intensity 
of TAMRA dye emission serves as an internal 
standard with which to normalize the reporter 
dye (FAM) emission variations. The software cal- 
culates a value termed ARn (or ARQ) using the 
following equation: ARn = (Rn^) - (Rn~), where 
Rn + = emission intensity of reporter/emission in- 
tensity of quencher at any given time in a reac- 
tion tube, and Rn~ = emission intensitity of re- 



GENOME RESEARCH 987 



HEID ET AL 



porter/emission intensity of quencher measured 
prior to PCR amplification in that same reaction 
tube. For the purpose of quantitation, the last 
three data points (ARns) collected during the ex- 
tension step for each PCR cycle were analyzed. 
The nucleolytic degradation of the hybridization 
probe occurs during the extension phase of PCR, 
and, therefore, reporter fluorescent emission in- 
creases during this time. The three data points 
were averaged for each PCR cycle and the mean 
value for each was plotted in an "amplification 
plot" shown in Figure 1 A. The ARn mean value is 
plotted on the y-axis, and time, represented by 
cycle number, is plotted on the *-axis. During the 
early cycles of the PCR amplification, the ARn 



value remains at base line. When sufficient hy- 
bridization probe has been cleaved by the Tat] 
polymerase nuclease activity, the intensity of re- 
porter fluorescent emission increases. Most PCR 
amplifications reach a plateau phase of reporter 
fluorescent emission if the reaction is carried out 
to high cycle numbers. The amplification plot is 
examined early in the reaction, at a point that 
represents the log phase of product accumula- 
tion. This is done by assigning an arbitrary 
threshold that is based on the variability of the 
base-line data. In Figure 1A, the threshold was set 
at 10 standard deviations above the mean of 
base-line emission calculated from cycles 1 to 15. 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time. {A) The Model 7700 software will construct amplification plots 
from the extension phase fluorescent emission data collected during the PCR amplification* The standard de- 
viation is determined from the data points collected from the base line of the amplification plot. C T values are 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times the 
standard deviation of the base line). (8) Overlay of amplification plots of seriafly (1 :2) diluted human genomic 
DNA samples amplified with p-actin primers. (Q Input DNA concentration of the samples plotted versus C T . All 
points represent the mean of triplicate PCR amplifications, and error bars are shown (but not always visible). 
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the amplification plot crosses the threshold is de- 
fined as C r . C T is reported as the cycle number at 
this point. As will be demonstrated, the C T value 
is predictive of the quantity of input target. 

C T Values Provide a Quantitative Measurement of 
Input Target Sequences 

Figure IB shows amplification plots of 15 differ- 
ent PCR amplifications overlaid. The amplifica- 
tions were performed on a 1:2- serial dilution of 
human genomic DNA. The amplified target was 
human [3-actin. The amplification plots shift to 
the right (to higher threshold cycles) as the input 
target quantity is reduced. This is expected be- 
cause reactions with fewer starting copies of the 
target molecule require greater amplification to 
degrade enough probe to attain the threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the C T values. Figure 1C represents the 
C T values plotted versus the sample dilution 
value. Each dilution was amplified in triplicate 
PCR amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C T values decrease linearly with increas- 
ing target quantity. Thus, C T values can be used 
as a quantitative measurement of the input target 
number. H should be noted that the amplifica- 
tion plot for the 15.6-ng sample shown in Figure 
1 B does not reflect the same fluorescent rate of 
increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves endpoint pla- 
teau at a lower fluorescent value than would be 
expected based on the input DNA. This phenom- 
enon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C x value as 
demonstrated by the fit on the line shown in 
Figure 1C. All triplicate amplifications resulted in 
very similar C T values — the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a > 100, 000-fold range of input tar- 
get molecules. Using C T values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range of fluorescent in- 
tensity measurement of the ABI Prism 7700 Se- 
quence Detector only spans three logs, resulting 
in only a 1000-fold dynamic range of input mol- 
ecules. Thus, C T values provide accurate measure- 



ments over a very large range of relative starting 
target quantities. 

Sample Preparation Validation 

Several parameters influence the efficiency of 
PCR amplification: magnesium and salt concen- 
trations, reaction conditions (i.e., time and tem- 
perature), PCR target size and composition, 
primer sequences, and sample purity. AH of the 
above factors are common to a single PCR assay, 
except sample to sample purity. In an effort to 
validate the method of sample preparation for 
the factor VIII assay, PCR amplification reproduc- 
ibility and efficiency of 10 replicate sample 
preparations were examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quantitated by ultraviolet spectroscopy. 
Amplifications were performed analyzing p-actin 
gene content in 100 and 25 ng of total genomic 
DNA. Each PCR amplification was performed in 
triplicate. Comparison of C T values for each trip- 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Table 1). Therefore, each of the triplicate PCR 
amplifications was highly reproducible, demon- 
strating that real time PCR using this instrumen- 
tation introduces minimal variation into the 
quantitative PCR analysis. Comparison of the 
mean C T values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for (3-actin gene quantity. The highest C x 
difference between any of the samples was 0.85 
and 0.71 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluores- 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from the sample dilutions (Fig. 2). 
Any sample containing an excess of a PCR inhibi- 
tor would exhibit a greater measured fJ-actin C x 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with the 
sample in the dilution analysis (Fig, 2), altering 
the expected C T value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible with regard to 
sample purity. 

Quantitative Analysis of a Plasmid After 
Transient Transfection 

293 cells were transiently transfected with a vec- 
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Table 1 . Reproducibility of Sample Preparation Method 



Sample 



no. 



100 ng 



25 ng 



standard 

C T mean deviation 



CV 



standard 
mean deviation 



CV 



10 



Mean 



18.24 

18.23 

18.33 

18.33 

18.35 

18.44 

18.3. 

18.3 

18.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.36 

18.42 

18.57 

18,66 



18.27 0.06 



18.37 0.06 



18.34 0.07 



18.23 0.08 



18.42 0.04 



18.74 0.24 



18.39 0.12 



18.63 0.16 



18.29 0.1 



18.55 0.12 



(1-10) 18.42 0.17 



0.32 



0.32 



0.36 



0.46 



0.23 



1.26 



0.66 



0.83 



0.55 



0.65 
0.90 



20.48 

20.55 

20.5 

20.61 

20.59 

20.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20.73 

20.65 

20.98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



20.51 0.03 



20.54 0.11 



20,54 0.06 



20.43 0.05 



20.73 0.13 



21.06 0.03 



20.68 0.04 



20.86 0.12 



20.51 0.07 



20.73 
20.66 



0J 
0.19 



0.17 



0.54 



0.28 



0.26 



0.61 



0.15 



0.2 



0.57 



0.32 



0.46 
0,94 



tor containing a partial cDNA for human factor 
VUI, pF8TM. A series of transfections was set 
up using a decreasing amount of the plasmid (40, 
4, 0.5, and 0.1 jxg). Twenty-four hours post- 
transfection, total DNA was purified from each 
flask of cells. p-Actin gene quantity was chosen as 
a value for normalization of genomic DNA con- 
centration from each sample. In this experiment, 
P-actin gene content should remain constant 
relative to total genomic DNA. Figure 3 shows the 
result of the p-actin DNA measurement (100 ng 
total DNA determined by ultraviolet spectros- 
copy) of each sample. Each sample was analyzed 
in triplicate and the mean p-actin C T values of 
the triplicates were plotted (error bars represent 
one standard deviation). The highest difference 



between any two sample means was 0.95 C T . Ten 
nanograms of total DNA of each sample were also 
examined for p-actin. The results again showed 
that very similar amounts of genomic DNA were 
present; the maximum mean p-actin C T value 
difference was 1.0. As Figure 3 shows, the rate of 
p-actin C T change between the 100- and 10-ng 
samples was similar (slope values range between 
-3.56 and -3.45). This verifies again that the 
method of sample preparation yields samples of 
identical PCR integrity (i.e., no sample contained 
an excessive amount of a PCR inhibitor). How- 
ever, these results indicate that each sample con- 
tained slight differences in the actual amount of 
genomic DNA analyzed. Determination of actual 
genomic DNA concentration was accomplished 
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20.5 1 

! 

o~ 20 ! 
c 

m 19.5 

t9 i 

18.5 ! 
.18 ■ 




2.1 



1,5 1.6 1.7 1.8 1.9 
log (ng input genomic DNA) 

Figure 2 Sample preparation purity. The replicate 
samples shown in Table 1 were also amplified in 
triptcate using 25 ng of each DNA sample. The fig- 
ure shows the input DNA concentration (100 and 
25 ng) vs. C r . In the figure, the 100 and 25 ng 
points for each sample are connected by a line. 



by plotting the mean £-actin C T value obtained 
for each 100-ng sample on a p-actin standard 
curve (shown in Fig. 4CK The actual genomic 
DNA concentration of each sample, a, was ob- 
tained by extrapolation to the A-axis. 

Figure 4A shows the measured (he., non- 
normalized) quantities of factor VIH plasmid 
DNA (pF8TM) from each of the four transient cell 
transfections. Each reaction contained 100 ng of 
total sample DNA (as determined by UV spectros- 
copy). Each sample was analyzed in triplicate 



o 



26 
ZSA 
24 
23 

22- 



20 



y * 27.73 +--3.52x1^1 

28.77 + -3.56x R- 1 

R= 1 




0.8 



2.2 



f 1,2 1.4 1.6 1.8 2 

tog (ng input DNA) 

Figure 3 Analysis of transfected cell DNA quantity 
and purity. The DNA preparations of the four 293 
cell transfections (40, 4, 0.5 , and 0.1 u.g of pF8TM) 
were analyzed for the (3-actin gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfected, the p-actin 
C T values are plotted versus the total input DNA 
concentration. 



PCR amplifications. As shown, pF8TM purified 
from the 293 cells decreases (mean C, values in- 
crease) with decreasing amounts of plasmid 
transfected. The mean C T values obtained for 
pF8TM in Figure 4A were plotted on a standard 
curve comprised of serially diluted pF8TM, 
shown in Figure 4B. The quantity of pF8TM, b r 
found in each of the four transfections was de- 
termined by extrapolation to the x-axis of the 
standard curve in Figure 4B. These uncorrected 
values, b, for pF8TM were normalized to deter- 
mine the actual amount of pFSTM found per 100 
ng of genomic DNA by using the equation: 



b x 100 ng 



actual pF8TM copies per 
100 ng of genomic DNA 



where a = actual genomic DNA in a sample and 
b = pF8TM copies from the standard curve. The 
normalized quantity of pF8TM per 100 ng of ge- 
nomic DNA for each of the four transfections is 
shown in Figure 4D. These results show that the 
quantity of factor VII I plasmid associated with 
the 293 cells, 24 hr after transfection, decreases 
with decreasing plasmid concentration used in 
the transfection. The quantity of pFSTM associ- 
ated with 293 cells, after transfection with 40 u.g 
of plasmid, was 35 pg per 100 ng genomic DNA. 
This results in -520 plasmid copies per ceil. 



DISCUSSION 

We have described a new method for quantitat- 
ing gene copy numbers using real-time analysis 
of PCR amplifications. Real-time PCR is compat- 
ible with either of the two PCR (RT-PCR) ap- 
proaches: (I) quantitative competitive where an 
internal competitor for each target sequence is 
used for normalization (data not shown) or (2) 
quantitative comparative PCR using a normaliza- 
tion gene contained within the sample (i.e., £-ac~ 
tin) or a "housekeeping" gene for RT-PCR. If 
equal amounts of nucleic acid are analyzed for 
each sample and if the amplification efficiency 
before quantitative analysis is identical for each 
sample, the internal control (normalization gene 
or competitor) should give equal signals for all 
samples. 

The reai-time PCR method offers several ad- 
vantages over the other two methods currently 
employed (see the introduction). First, the real- 
time PCR method is performed in a closed-tube 
system and requires no post-PCR manipulation 
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Figure 4 Quantitative analysis of pF8TM in transfected ceils. (A) Amount of 
plasmid DNA used for the transfection plotted against the mean C T value deter- 
mined for pFSTM remaining 24 hr after transfection. (B,Q Standard curves of 
pF8TM and p-actin, respectively. pF8TM DNA (5) and genomic DNA (Q were 
diluted serially 1 :5 before amplification with the appropriate primers. The 0-actm 
standard curve was used to normalize the results of A to 100 ng of genomic DNA. 
(0) The amount of pF8TM present per 100 ng of genomic DNA. 



of sample. Therefore, the potential for PCR con- 
tamination in the laboratory is reduced because 
amplified products can be analyzed and disposed 
of without opening the reaction tubes. Second, 
this method supports the use of a normalization 
gene (i.e., p-actin) for quantitative PCR or house- 
keeping genes for quantitative RT-PCR controls. 
Analysis is performed in real time during the log 
phase of product accumulation. Analysis during 
log phase permits many different genes (over a 
wide input target range) to be analyzed simulta- 
neously, without concern of reaching reaction 
plateau at different cycles. This will make multi- 
gene analysis assays much easier to develop, be- 
cause individual internal competitors will not be 
needed for each gene under analysis. Third, 
sample throughput will increase dramatically 
with the new method because there is no post- 
PCR processing time. Additionally, working in a 
96-well format is highly compatible with auto- 
mation technology. 

The real-time PCR method is highly repro- 
ducible. Replicate amplifications can be analyzed 



for each sample minimizing potential error. The 
system allows for a very large assay dynamic 
range (approaching 1,000,000-fold starting tar- 
get). Using a standard curve for the target of in- 
terest, relative copy number values can be deter- 
mined for any unknown sample. Fluorescent 
threshold values, C Tr correlate linearly with rela- 
tive DNA copy numbers. Real time quantitative 
RT-PCR methodology (Gibson et al., this issue) 
has also been developed. Finally, real time quan- 
titative PCR methodology can be used to develop 
high-throughput screening assays for a variety of 
applications [quantitative gene expression (RT- 
PCR), gene copy assays (Her2, HIV, etc.), geno- 
typing (knockout mouse analysis), and immuno- 
PCR]. 

Real-time PCR may also be performed using 
intercalating dyes (Higuchi et al. 1992) such as 
ethidium bromide. The fluorogenic probe 
method offers a major advantage over inter- 
calating dyes— greater specificity (i.e., primer 
dimers and nonspecific PCR products are not de- 
tected). 
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METHODS 

Generation of a Pfasmid Containing a Partial 
cDNA for Human Factor VHI 

Total RNA was harvested {RNAzol B from Tel-Test, Inc., 
Friendswood, TX) from cells transfected with a factor VII} 
expression vector, pC!S2.8c25D (Eaton et al. 1986; Gor- 
man et al. 1990), A factor VHI partial cDNA sequence was 
generated by RT-PCR {GeneAmp EZ tTth RNA PCR Kit 
(part N808-0179, PE Applied Biosystems, Foster City, CA)| 
using the PCR primers F8for and F8rev (primer sequences 
are shown below). The amplicon was reamplified using 
modified F8for and F8rev primers {appended with HttmHl 
and HindMl restriction site sequences at the 5' end) and 
cloned into pG EM-3Z (Promega Corp., Madison, Wl), The 
resulting clone, pFBTM, was used for transient transfection 
of 293 cells. 



Amplification of Target DNA and Detection of 
Ampficon Factor VIH Plasmid DNA 

(pFHTM) was amplified with the primers F8for 5'-CCC- 
GTCCCAAGAGTGACGTGTC-3' and E8rev 5'-AAACCT- 
CAGCCTGGATGGTAGG-3', The reaction produced a 422- 
bp PCR product. The forward primer was designed to reo 
ognize a unique sequence found in the 5' untranslated 
region of the parent pCIS2.8c25D plasmid and therefore 
does not recognize and amplify the human factor VIII 
gene. Primers were chosen with the assistance of the com- 
puter program Oligo 4.0 (National Biosciences, Inc., Ply- 
mouth, MN}. The human fj-actin gene was amplified with 
the primers f3-actin forward primer 5'-TCACCCACACTGT- 
GCCCATCTACGA-3' and ft-actin reverse primer 5'-CAG- 
CGGAACCG CTC ATTG C C A ATG G -3 ' . The reaction pro- 
duced a 295-bp PCR product. 

Amplification reactions (50 p.1) contained a DNA 
sample, lOx PCR Buffer II (5 jxl), 200 hm dATl\ dCTP, 
dGTP, and 400 m-M dUTP, 4 mM MgCl 2 , 1.25 Units Ampli- 
Tiiq DNA polymerase, 0.5 unit AmpErase uracil N-gly* 
cosylase (UNO, 50 pmole of each factor VIII primer, and 15 
pmole of each 3-actin primer. The reactions also contained 
one of the following detection probes (100 nw each): 
FBprobe 5'(FAM)AGCTCTCCACCTGCTTCTTTCTGT- 
GCCTT(TAMRA)p-T and 3-actin probe 5'-(FAM)ATGCCC- 
X(TAMRA)CCCCCATGCCATCp-3' where p indicates 
phosphorylation and X indicates a linker arm nucleotide. 
Reaction tubes were MicroAmp Optical Tubes (part num- 
ber N801-0933, Perkin Elmer) that were frosted (at Perkin 
Elmer) to prevent light from reflecting. Tube caps were 
similar to MicroAmp Caps but specially designed to pre- 
vent light scattering. All of the PCR consumables were sup- 
plied by PE Applied Biosystems {Foster City, CA) except 
the factor Vlfl primers, which were synthesized at Genen- 
tech, Inc. (South San Francisco, CAL Probes were designed 
using the Oligo 4.0 software, following guidelines sug- 
gested in the Model 7700 Sequence Detector instrument 
manual. Briefly, probe T,„ should be at least S°C higher 
than the annealing temperature used during thermal cy- 
cling; primers should not form stable duplexes with the 
probe. 

The thermal cycling conditions included 2 min at 
50°C and 10 min at 95°C Thermal cycling proceeded with 
40 cycles of 95°C for 0.5 min and 60 d C for 2 min. All 



reactions were performed in the Model 7700 Sequence De- 
tector {PE Applied Biosystems), which contains a Gene- 
Amp PCR System 9600. Reaction conditions were pro- 
grammed on a Power Macintosh 7100 (Apple Computer. 
Santa Clara, CA) linked directly to the Model 7700 Se- 
quence Detector. Analysis of data was also performed on 
the Macintosh computer. Collection and analysis software 
was developed at PE Applied Biosystems. 

Transfection of Cells with Factor Vlit Construct 

Four T175 flasks of 293 cells (ATCC CRL 1573), a human 
fetal kidney suspension cell line, were grown to 80% con- 
fluency and transfected pF8TM. Cells were grown in the 
following media: 50% HAM'S FI2 without GHT, 50% low 
glucose Dulbecco's modified Eagle medium (DM EM) with- 
out glycine with sodium bicarbonate, 10% fetal bovine 
serum, 2 mvt t.-glutamine, and 1% penicillin-streptomy- 
cin. The media was changed 30 min before the transfec- 
tion. pEBTM DNA amounts of 40, 4, 0.5, and 0.1 were 
added to 1.5 ml of a solution containing 0.125 m CaCK 
and t x HEPES. The four mixtures were left at room tem- 
perature for 10 min and then added dropwise to the cells. 
The flasks were incubated at 37°C and S% C0 2 for 24 hr, 
washed with PBS, and resuspended in PBS. The resus- 
pended cells were divided into aliquots and DNA was ex- 
tracted immediately using the QiAamp Blood Kit (Qiagen, 
Chatsworth, CA>. DNA was eluted into 200 *J of 20 mM 
Tris-HCJ at pH 8.0. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to detection of pathogenic bacteria in samples (e.g., clinical isolates and 

food specimens) for the purposes of diagnoses, screenings, quarantine inspections, and clinical tests. 
Specifically, it relates to detection of pathogens associated with bacterial food poisoning and bacterial 
diarrhea. More specifically, it relates to detection of enteropathogenic bacteria including Shigella species, 
Salmonella species, enterohemorrhagic Escherichia coli or Verocytotoxin-producing Escherichia coli, 

w Staphylococcus aureus, Vibrio chtolerae, and Clostridium perfringens. 

Discussion of the Related Art 

Detection of pathogenic bacteria such as Shigella species, Salmonella species, enterohemorrhagic 
75 Escherichia coli (hereinafter simply referred to as EHEG) or Verocytotoxin-producing Escherichia coli - 
(hereinafter simply referred to as VTEC), Staphylococcus aureus, Vibrio choferae, and Clostridium 
perfringens is an important task in the field of medicine and public hygiene, and various methods have 
been used. 

Conventionally, detection of a pathogenic bacterial strain involves isolation of several pathogenic 
20 bacterial colonies and identification of the species of the bacteria by serological or biochemical method. 

In the case of Shigella species, this has been achieved by culturing and isolating the target bacterium 
from specimens of patient stools, food, or the like, using a medium, such as DHL agar or MacConkey's 
agar, and then further culturing the bacterium using a medium such as TSI agar or LIM agar for the purpose 
of identification. 

25 In the case of Salmonella species, culture is conducted for isolation of the bacteria from specimens of 
patient stools or vomits, food or wiping samples, etc., followed by inoculation to TSI agar, SIM medium, VP- 
MR medium and lysine decarboxylation test medium and subsequent overnight culture at 37 °C, to confirm 
Salmonella species, and the serotype is determined using a commercially available set of antisera against 
O and H antigens. 

30 EHEC or VTEC has been found to cause hemolytic uremic syndrome in children, as well as food 
poisoning symptoms, typically hemorrhagic colitis, and stress has recently been placed on detection of this 
bacterium in clinical tests. In the case of detecting EHEC or VTEC, specimens are patient stools, food, or 
water samples (drinking water, river water, etc.) collected from the environment surrounding the patient. In 
detecting EHEC (VTEC) in these specimens, it is necessary to perform a series of procedures from direct 

35 isolation culture, a primary confirmation culture test, and a secondary confirmation culture test to an 
agglutination test with an antiserum. 

In the case of Staphylococcus aureus, specimens are patient vomits or stools, food the patient ate, 
samples wiped out from the environment surrounding the patient, or the like. Before Staphylococcus 
aureus is detected and identified in these specimens, it is necessary to perform bacterial culture, isolation 

40 culture and then pure culture and confirmation culture. 

In the case of Vibrio cholerae, specimens are patient stools or food, or water samples (drinking water, 
river water, sea water, etc.) or benthos samples collected from the environment surrounding the patient. In 
detecting and identifying Vibrio cholerae in these specimens, it is necessary to perform a series of 
procedures from primary enrichment culture, secondary enrichment culture, and isolation culture to an 

45 agglutination reaction test with anti- V. cholerae 01 serum and confirmation culture. 

In the case of Clostridium perfringens, specimens are obtained mainly from patient stools and food. 
For detection and identification, the specimens are subjected to enrichment culture and isolation culture 
under anaerobic conditions. With several colonies of the bacteria, tests for biochemical properties are 
conducted. 

so Any identification process mentioned above usually takes several days, and hampers rapid diagnoses of 
infectious diseases. 

Specifically, in the case of Shigella species, each culture step takes 18-24 hours, totalling 3-4 days; 
rapid detection is difficult. Other available methods include the reversed passive latex agglutination using a 
specific antibody to the Shiga toxin, the EIA method using a specific antibody to the 140 MDal plasmid 
55 product associated with the pathogenicity of Shigella species and enteroinvasive Escherichia coli - 
[Kenichiro Ito et ai., Japanese Journal of Bacteriology 41, 414 (1986)] and the DNA probe method for 
detecting the /paB gene, the ipaC gene, or the /paD gene (US Patent Application No. 888194). However, 
these testing methods require complicated troublesome procedures in preparing reagents and specimens, 
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and take much time. 

In the case of Salmonella species, 2-3 days are taken for bacterial isolation and identification of the 
bacteria from specimens. In addition, Salmonella tests are difficult to conduct in ordinary laboratories, 
because as many as 100 antisera and much experience are required to achieve complete serum typing of 
5 Salmonella species, which involve a large number of serum types. Also, each culture step and serotyping 
test take 3-4 days; rapidity is poor. Moreover, confirmation culture and serotyping are expensive and involve 
troublesome operation. 

In the case of EHEC (VTEC), each culture step takes 18-24 hours, totalling as many as 3-4 days. The 
currently representative serotype of EHEC (VTEC) is 0157:H7, but no diagnostic antiserum has been 

10 commercially available for identification of this serotype, so that the diagnostic antiserum has to be 
prepared by the investigator. In addition, it is often difficult to identify the causative bacterium solely on the 
basis of serum typing in EHEC (VTEC), because the serum type and the pathogenicity do not always agree 
with each other. Therefore, the conventional testing method for EHEC (VTEC) lacks rapidity and simplicity, 
and is not suitable for practical application. 

75 In the case of Staphylococcus aureus, each culture step takes 18-24 hours, totalling as many as about 
4 days when combined with the time required for the subsequent testings. Also, in the biochemical test in 
culture for identification, various properties, such as aerobic growth, VP reactivity, nitrate reduction, Tween 
80 hydrolability, hyaluronidase activity and sugar decomposition, should be examined, but this process is 
troublesome, tedious and expensive. The most reliable method for identifying the causative bacterium for 

20 food poisoning and diarrhea is to test the isolated strain for exotoxin (toxic shock syndrome toxin -1, 
hereinafter simply referred to as TSST-1) production. However, even when a commercially available 
convenient reagent kit is used, 18-20 hours will be taken to obtain the results; rapidity is poor. 

In the case of Vibrio choierae, each culture step takes 18-24 hours, totalling as many as about 4 days. 
In the biochemical test concerning confirmation culture, various properties, such as oxidase test positivity, 

25 indole test positivity, motility, and lysine decarboxylation test positivity should be examined. These tests are 
troublesome, tedious and expensive, and the results obtained are difficult to assess in some cases. 
Moreover, in the case of Vibrio cholerae, it is essential to test the isolated strain for enterotoxin (cholera 
toxin; CT) production to take an administrative measure for pest control. However, even when a commer- 
cially available convenient reagent kit is used, 18-20 hours will be taken to obtain the results; rapidity is 

30 poor and practical applicability is low. 

In the case of Welch's bac\\\u$(Clo$triclium perfringens), the detection requires considerably long time: 
each culture step takes 18-48 hours, totalling 5-6 days. In addition, since Clostridium perfringens strains 
are widely distributed in the nature, only the detection of the bacterial strain from specimens is not enough 
to determine the strain as the causative agent for food poisoning. Further tests are required, including 

35 detection of the enterotoxin in patient stool, assay of the isolated strain for enterotoxin production, serotype 
determination, and bacterial count for suspected food. These procedures consume much time and labor, 
and lack rapidity and simplicity. 

In recent years, the DNA probing or hybridization using oligonucleotides has been tried. However, when 
hybridization is performed on a membrane or on other supports using a probe of a labeled oligonucleotide, 

40 followed by detection of the probe, sensitivity of the assays depends on numbers of organisms available for 
detection. Therefore it is difficult to achieve a high detection sensitivity and selectivity in this test without the 
above-described pretreatment of the separation culture. 

SUMMARY OF THE INVENTION 

45 

It is object of the present invention to provide synthetic oligonucleotides used as primers for PCR to 
amplify certain regions of the genes specific to the above various pathogenic microorganisums. 

It is another object of the present invention to provide a simple, rapid and highly sensitive process for 
detecting the above various pathogenic microorganisms for quarantine inspection, clinical laboratory 
so examination and food inspection, wherein a region of a gene specific to the bacterial strain to be detected is 
amplified by the PCR technique using synthetic oligonucleotide primers. 

it is still another object of the present invention to provide a kit for detection of the above various 
bacterial strains, comprising at least a pair of primers, a thermostable DNA polymerase, and dNTP 
solutions. 

55 The gist of the present invention relates to: 

1) A synthetic oligonucleotide of 10 to 30 bases which is complementary to a nucleotide sequence of a 
gene selected from the group consisting of the Shiga toxin gene of Shigella species, the /paH gene of 
Shigella species and enteroinvasive Escherichia co/i (hereinafter simply referred to as EIEC), the invE 
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gene of Shigella species and EIEC, the araC gene of Salmonella species, the Verocytotoxin-1 gene of 
EHEC or VTEC, the Verocytotoxin-2 gene of EHEC or VTEC, the toxic shock syndrome toxin gene of 
Staphylococcus aureus, the ctx gene of Vibrio cholerae, and the enterotoxin gene of Clostridium 
perfringens; 

5 2) A synthetic oligonucleotide comprising a nucleotide sequence complementary to the synthetic 
oligonucleotide of 1 ); 

3) A method for detecting a bacterial strain selected from the group consisting of Shigella species, EIEC, 
Salmonella species, EHEC, VTEC, Staphylococcus aureus, Vibrio cholerae and Clostridium perfrin- 
gens, wherein the method comprises: 
to (1 ) hybridizing one primer to a single-stranded target DNA as a template DNA present in a specimen 

and carrying out a primer extension reaction to give a primer extension product, 

(2) denaturing the resulting DNA duplex to separate the primer extension product from the template 
DNA; the primer extension product functioning as the other template DNA for the other primer, 

(3) repeating a cycle of simultaneous primer extension reaction with the two primers, separation of the 
15 primer extension products from the templates, and hybridization of primers to amplify a region of the 

target DNA, in the steps from (1) to (3), the primers being selected from the group consisting of 
oligonucleotides of 1) and 2), 

(4) detecting the amplified nucleotide sequence to determine whether a suspected bacterial strain is 
present in the specimen; and 

20 4) A kit for detection of a bacterial strain, comprising at feast a pair of primers selected from the group 
consisting of oligonucleotides of 1) and 2), a thermostable DNA polymerase, and dNTP solutions. 
The present invention provides a highly selective and highly sensitive method for rapid detection of 
Shigella species having the Shiga toxin gene, the /paH gene and the invE gene, EIEC having the /paH 
gene and the invE gene, Salmonella species having the araC gene, EHEC having the VT1 gene and the 
25 VT2 gene, Staphylococcus aureus having the TSST-t gene, Vibrio cholerae having the ctx gene, and 
Clostridium perfringens having the enterotoxin gene. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 The present invention will become more fully understood from the detailed description given herein- 
below and the accompanying drawings which are given by way of illustration only, and thus, are not 
limitative of the present invention. 

Figure 1 is the pattern of the electrophoresis of the amplified DNA fragments on an agarose gel to 
evaluate the sensitivity of the detection method of the present invention for the TSST-1 gene of 
35 Staphylococcus aureus, wherein numerals t to 9 refer to the number of DNA copies used in the 
polymerase chain reaction (hereinafter simply referred to as PCR): 1 means 10 7 copies; 2, 10 6 copies; 3, 
10 5 copies; 4, 10* copies; 5, 10 3 copies; 6, to 2 copies; 7, 10 copies; 8, 1 copy; and 9, no DNA. 

Figure 2 is the pattern of the agarose gel electrophoresis of the nucleotide fragments amplified by PCR 
to evaluate the specificity of the detection method of the present invention for the ctx gene of Vibrio 
40 cholerae, wherein M indicates the molecular weight marker and lanes 1-13 indicate the template DNA 
solutions containing heat extract of the following strains: 

Lanes 1 to 3: Vibrio cholerae (El Tor - Ogawa type, the ctx gene positive strain) 
Lanes 4 to 6: Vibrio cholerae (El Tor - Inaba type, the ctx gene positive strain) 
Lane 7: Vibrio cholerae (Classical- Ogawa type, the ctx gene positive strain) 
45 Lane 8: Vibrio cholerae (Classical- Inaba type, the ctx gene positive strain) 
Lanes 9 to 10: Vibrio cholerae (non-01, the ctx gene positive strain) 
Lane 11: Vibrio cholerae (El Tor - Ogawa type, the ctx gene negative strain) 
Lane 12: Vibrio cholerae (El Tor - Inaba type, the ctx gene negative strain) 
Lane 13: Enterotoxigenic Escherichia co//(Thermolabiie enterotoxin gene positive strain). 
50 Figure 3 is the efectrophoretic pattern of the agarose get electrophoresis for the nucleotide fragments 
amplified by PCR to detect the enterotoxin gene of Clostridium perfringens, the upper part being the 
results obtained with Oligonucleotide SEQ ID NO:28 + Oligonucleotide SEQ ID NO:33; the lower part being 
the results obtained with Oligonucleotide SEQ ID NO:29 + Oligonucleotide SEQ ID NO:33, wherein M 
indicates the molecular weight marker and lanes 1-13 indicate the template DNA derived from heat extracts 
55 of the following strains: Lane 1, ATCC 12925; Lane 2, ATCC 12924; Lane 3, ATCC 12922; Lane 4, ATCC 
12920; Lane 5, ATCC 12916; Lane 6, ATCC 12915; Lane 7, ATCC 12918; Lane 8, ATCC 12919; Lane 9, 
ATCC 12921; Lane 10, JCM 1296; Lane 11, JCM 1416; Lane 12, JCM 1382; and Lane 13, negative control. 
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Figure 4 shows the results of a Southern blot hybridisation test to confirm if the nucleotide sequence of 
amplified DNA with the primers of the present invention is a part of the enterotoxin gene sequences of 
Clostridium perfringens, the upper part being the results obtained with Oligonucleotide SEQ ID NO:28 + 
Oligonucleotide SEQ ID NO:33; the lower part being the results obtained with Oligonucleotide SEQ ID 
s NO;29 + Oligonucleotide SEQ ID NO:33, wherein M indicates the molecular weight marker and tanes 1-13 
indicate the template DNA solutions derived from heat extracts of the following strains: Lane 1, ATCC 
12925; Lane 2, ATCC 12924; Lane 3, ATCC 12922; Lane 4, ATCC 12920; Lane 5, ATCC 12916; Lane 6, 
ATCC 12915; Lane 7, ATCC 12918; Lane 8, ATCC 12919; Lane 9, ATCC 12921; Lane 10, JCM 1296; Lane 
11, JCM 1416; Lane 12, JCM 1382; and Lane 13, negative, control. 

10 

DETAILED DESCRIPTION OF THE INVENTION 
Oligonuc leotides 

15 An oligonucleotide of the present invention is a synthetic oligonucleotide which complementarity and 
selectively hybridizes to a gene specific to a pathogenic bacterial strain such as Shigeifa species, EIEC, 
Salmonella species, EHEC or VTEC, Staphylococcus aureus, Vibrio cholerae, and Clostridium perfrin- 
gens. In the bacterial detection of the present invention, the oligonucleotides are used as primers in the 
PCR to amplify a DNA sequence of a target gene specific to the pathogenic bacteria to be detected. For 

20 this purpose, any combination of two oligonucleotides of the present invention may optionally be employed 
without particular limitation as long as a DNA sequence of 50 to 2000 bases, preferably of 100 to 1000 
bases, can be amplified. The preferred combination of oligonucleotides are described in detail in the 
following preferred embodiments. 

In the oligonucleotides mentioned below, T may be replaced with U without impairing the advantageous 

25 effect of the oligonucleotide. 

Preferred Embodiment 1 : 

For the detection of Shigella species (Shigella dysenteriae, Shigella flexneri, Shigella boydii and 
30 Shigella sonnei) and EIEC, the Shiga toxin gene specific to Shigella species, the ipaH gene specific to 
Shigeifa species and EIEC, or the invE gene specific to Shigella species and EIEC is selected as the 
target gene. 

When the Shiga toxin gene is targeted, two oligonucleotides, one comprising at least 10 consecutive 
bases of the following oligonucleotide SEQ ID No.1 and the other comprising at least 10 consecutive bases 
35 of the following oligonucleotide SEQ ID NO: 2, are selected in the present invention: 
(S^-CAACACTGOATGATCTCAG-^') (SEQ ID NO: 1) 
(5 , )-CCCCCTCAACTGCTAATA-(3 t ) (SEQ ID NO: 2) 

When the. ipaH gene is targeted, two oligonucleotides, one comprising at least 10 consecutive bases of 
oligonucleotide SEQ ID NO:3 and the other comprising at least 10 consecutive bases of oligonucleotide 
40 SEQ ID NO:4 are selected in the present invention: 

(5 , )-TGTATCACAGATATGGCATGC-(3 t ) (SEQ ID NO:3) 
(5>TCCGGAGATTGTTCCATGTG-(3') (SEQ ID NO:4) 

When the invE gene is targeted, two oligonucleotides, one comprising at least 10 consecutive bases of 
oligonucleotide SEQ ID N0:5 and the other comprising at least 10 consecutive bases of oligonucleotide 
45 SEQ ID NO:6 are selected in the present invention: 

(5>CAAGATTTAACCTTCGTCAACC-(3*) (SEQ ID NO:5) 
(5 , )-AGTTCTCGGATGCTATGCTC-(3 t ) (SEQ ID NO:6) 

Preferred Embodiment 2: 

50 

For the detection of Salmonella species, the araC gene is targeted. 

For this purpose, any one of the following oligonucleotide combinations is preferably selected in the 
present invention: 

a combination in which one oligonucleotide comprises at least 10 consecutive bases of oligonucleotide SEQ 
55 ID NO:7 and the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:8; a 
combitnation in which one comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:9 and the 
other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:10; and a combination in 
which one comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO: 11 and the other 
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comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO: 8: 
(B^-CGCGGAGAGGGCGTCATT-^') (SEQ ID NO:7) 
(5')-GCAACGACTCATTAATTACCG-(3') (SEQ ID NO:8) 
(S'J-ATCTGGTCGCCGGGCTGA-^) (SEQ ID NO:9) 
5 (5>GCATCGCGCACACGGCTA-(3*) (SEQ ID NO:10> 

(5 t )-GGCGAGCAGTTTGTCTGTC-(3 f ) (SEQ ID NO:1 1) 



Preferred Embodiment 3: 

io For the detection of EHEC or VTEC strains, the Verocytotoxin-1 (VT1) gene or the Verocytotoxin-2 
(VT2) gene is targeted. 

In order to detect bacteria which have only the VT1 gene, two oligonucleotides, one comprising at least 
10 consecutive bases of oligonucleotide SEQ ID NO: 12 and the other comprising at least 10 consecutive 
bases of oligonucleotide SEQ ID NO: 13, are preferably selected in the present invention: 
75 (5>CAACACTGGATGATCTCAG-(3') (SEQ ID NO: 12) 

<5>CCCCCTCAACTGCTAATA-(3') (SEQ ID NO:13) 

In order to detect bacteria which .have only the VT2 gene or its variant genes (VT2vha, VT2vhb and 
VT2vp1), two oligonucleotides, one comprising at least 10 consecutive bases of oligonucleotide SEQ ID 
NO:14 and the other comprising at least 10 consecutive bases of oligonucleotide SEQ ID NO:15, are 
20 preferably selected in the present invention: 

(5>ATCAGTCGTCACTCACTGGT-(3') (SEQ ID NO:1 4) 

(5>CCAGTTATCTGACATTCTG-(3 t ) (SEQ ID NO:15) 

In order to detect bacteria which have both the VT1 gene and the VT2 gene (including the VT2vha, 
VT2vhb and VT2vp1 genes), any one of the following oligonucleotide combinations is preferably selected in 
25 the present invention: 

a combination in which one oligonucleotide comprises at least 10 consecutive bases of oligonucleotide SEQ 
ID NO:16 and the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:18; and a 
combination in which one comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:17 and 
the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:18: 
30 (5>AGTTTACGTTAGACTTTTCGAC-(3 r ) (SEQ ID NO:16) 

(5 , )~CGGACAGTAGTTATACCAC-(3 f ) (SEQ ID NO: 1 7) 

(5')-CTGCTGTCACAGTGACAAA-<3') (SEQ ID NO:18) 



Preferred Embodiment 4: 

35 

For the detection of Staphylococcus aureus, the TSST-1 gene is targeted. 

For this purpose, any one of the following oligonucleotide combination is preferably selected in the 
present invention: a combination in which one oligonucleotide comprises at least 10 consecutive bases of 
oligonucleotide SEQ ID NO:20 and the other comprises at least 10 consecutive bases of oligonucleotide 
40 SEQ ID N0:21; a combination in which one comprises at least 10 consecutive bases of oligonucleotide SEQ 
ID NO:19 and the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:22; and a 
combination in which one comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO: 20 and 
the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO: 22: 

(5 r )-CCTTTAAAAGTTAAGGTTCATG-(3 t ) (SEQ ID NO:19) 
45 (5>GGCCAAAGTTCGATAAAAAAC~(3 r ) (SEQ ID NO:20) 

(5 T )-ATTTATAGGTGGTTTTTCAGTAT-(3') (SEQ ID NO:21) 

(5>CTGCTTCTATAGTTTTTATTTCA-(3') (SEQ ID NO:22) 

Preferred Embodiment 5: 

50 

For the detection of Vibrio chfolerae, the ctx gene is targeted. 

For this purpose, any one of the following oligonucleotide combinations is preferably selected in the 
present invention: 

a combination in which one oligonucleotide comprises at least 10 consecutive bases of oligonucleotide SEQ 
55 ID NO:23 and the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:25; and a 
combination in which one comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:24 and 
the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:26: 
(5>TGATGAAATAAAGCAGTCAGGT-(3*) (SEQ ID NO:23) 
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(5 , )-ACAGAGTGAGTACTTTGACC-{3 , > (SEQ ID NO:24) 
(5 r )-GGCACTTCTCAAACTAATTGAG~(3 f ) (SEQ ID N0:25) 
(5>ATACCATCCATATATTTGGGAG-<3 , > (SEQ ID NO:26) 

5 Preferred Embodiment 6: 

For the detection of Clostridium perfringens, the enterotoxin gene is targeted. 

For this purpose, any one of the following oligonucleotide combinations is preferably selected in the 
present invention: 

10 . a combination in which one oligonucleotide comprises at least 10 consecutive bases of oligonucleotide SEQ 
ID NO:27 and the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:32; a 
combination in which one comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:28 and 
the other comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:33; a combination in which 
one comprises at least 10 consecutive bases of oligonucleotide SEQ ID NO:29 and the other comprises at 
rs least 10 consecutive bases of oligonucleotide SEQ ID NO:33; a combination in which one comprises at least 
10 consecutive bases of oligonucleotide SEQ ID NO:30 and the other comprises at least 10 consecutive 
bases of oligonucleotide SEQ ID NO:34; and a combination in which one comprises at least 10 consecutive 
bases of oligonucleotide SEQ ID NO:31 and the other comprises at least 10 consecutive bases of 
oiigonucieotide SEQ ID NO:35: 
20 (5 , )-TCTGAGGATTTAAAAACACC-(3 t ) (SEQ ID NO:27) 

(5>ACCCTCAGTAGGTTCAAGTC-(3'> (SEQ ID NO:28) 
(5>ATGAAACAGGTACCTTTAGCC-(3 F ) (SEQ ID NO:29) 
(5 , )-G6TAATATCTCTGATGATGGAT-(3 ? ) (SEQ ID NO:30) 
(5>TAACTCATACCCTTGGACTC-(3') (SEQ ID NO:31) 
25 (5>GAACCTTGATCAATATTTCC-(3') (SEQ ID NO:32) 

(5 t )-GTAGCAGCAGCTAAATCAAGG-(3 f ) (SEQ ID NO:33) 
(^-AGTCCAAGGGTATGAGTTAG-^ 1 ) (SEQ ID NO:34) 
(5>CCATCACCTAAGGACTGTTC-(3') (SEQ ID NO:35) 

30 Amplification of gene sequence by PCR 

For amplification of a region of a target gene in the present invention, the PCR developed by Saikt et aL 
[Science 230, 1350 (1985)] is employed. 

Specifically, two oligonucleotide primers that flank a specific region of a target gene (in the present 

35 invention, the Shiga toxin gene of Shigella species, the /paH and invE genes of Shigella species and EIEC, 
the araC gene of Salmonella species, the VT1 and VT2 genes of EHEC or VTEC, the TSST-1 gene of 
Staphylococcus aureus, the ctx gene of Vibrio cholerae and the enterotoxin gene of Clostridium 
perfringens) are synthesized. 

In PCR, one of the oligonucleotide primers selectively hybridizes to the ( + )-strand of a target gene 

40 DNA, and the other hybridizes to the (-)-strand of the DNA. Then, both the oligonucleotides serve as 
primers of template dependent DNA polymerization respectively. In the present invention, single strand 
DNAs formed by heat denaturation of double strand DNAs in specimens are used as templates. The 
duplexes resulting from the DNA polymerization reaction are then denatured to separate the primer 
extension products from the templates. Then, the primer extension products themselves serve as the 

45 templates for the next DNA polymerization reaction. The cycle of denaturation , primer annealing in which a 
primer hybridizes with a template DNA and a primer extension reaction is repeated until the region of the 
target gene is amplified enough for its detection. 

Specimens applicable to the PCR in the present invention may include clinical samples such as stool, 
urine, blood, tissue homogenate, and food samples. A specimen for PCR should be pre-treated to release 

50 the nucleic acid components from the bacterial cells present therein. Since PCR can be carried out with 
only several to several tens of nucleic acid molecules, a test solution containing an adequate amount of 
nucleic acid can be prepared simply by treating a specimen with a bacteriolytic enzyme, a surfactant or an 
alkali for a short time. 

Oligonucleotides used as primers in the present invention may be either synthetic or natural, and in 
55 view of selectivity, detection sensitivity and reproducibility, they are not less than 10 bases in length, 
preferably not less than 15 bases. It is not necessary to label the primers for detection. 

The region to be amplified in a target gene (i.e., the Shiga toxin gene of Shigella species, the /paH 
gene and the invE gene of EIEC, the VT1 gene and the VT2 gene of EHEC or VTEC, the araC gene of 
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Salmonella species, the TSST-1 gene of Staphylococcus aureus, and the otx gene of Vibrio cholerae, and 
the enterotoxin gene of Clostridium perfringens) is 50 to 2000 bases in length, preferably 100 to 1000 
bases. 

In PCR, a thermostable DNA polymerase is used. The origins from which the enzyme is derived are not 
5 particularly limited as long as the enzyme maintains its activity at a temperature of from 90 to 95 °C. The 
denaturation is carried out at a temperature of from 90 to 95 * C, the primer annealing from 37 to 65 ° C, and 
the polymerization reaction from 50 to 75 • C. The cycle of denaturation, primer annealing and polymeriza? 
tion is repeated for 20 to 42 cycles. 

The presence or absence, and the length of the amplified nucleotide fragment can be detected by 
w subjecting the reaction solution to agarose gel electrophoresis after the completion of PCR. Other types of 
electrophoresis and chromatography can also be used for the detection. One of the oligonucleotide primers 
may be used as a probe to detect the amplified nucleotide sequence. 

The detection of a nucleotide sequence of a target gene in a specimen means that the bacterial strain 
having the gene is present in the specimen. 
75 The invention will now be described in more detail by the following examples, but it should be noted 
that the invention is not limited to these examples. 

EXAMPLES 

20 Example 1: Detection of Shigella species having the Shiga toxin gene 
[Experiment 1] 
Preparation of specimens 

25 

The 42 strains of Shigella dysenteriae listed in Table 1 are obtained from patients or other sources. 
Each strain is inoculated to LB medium (1%- tryptone, 0.5% yeast extract, 1% sodium chloride), and 
subjected to overnight shaking culture at 37 °C under aerobic conditions. Each culture broth is diluted 10 
folds with 10 mM Trts-HCI buffer, pH 7.5 {hereinafter referred to as TE buffer), and heated at 95 °C for 10 
so minutes, followed by centrifugation; the supernatants are used as specimen solutions. 

Synthesis of primers 

As primers for amplifying the Shiga toxin gene of Shigella dysenteriae, the above-described 
35 oligonucleotides SEQ ID NO:1 and SEQ ID NO:2 are selected based upon the known base sequence of the 
Shiga toxin gene [Takao, T. et aL, Microb. Pathog., 5:357-369 (1988)], and chemically synthesized by the &- 
cyanoethylphosphoamidite method using a Cyclone Plus DNA synthesizer (produced by Mil- 
liGen/Bioresearch). The synthesized oligonucleotides are purified by high performance liquid chromatog- 
raphy using a C18 reversed-phase column. 
40 The Shiga toxin gene is regarded as identical to the VT1 gene of EHEC or VTEC, with difference only 
in several bases [Takao, T. et al., Microb. Pathog., 5:357-369 (1988)]. 

PCR 

45 To 3 ul of the above-described specimen solution, 17.05 ul of sterile distilled water, 3 ul of 10 x 
reaction buffer, 4.8 ul of dNTP solution, 1.0 ul of primer (1), 1.0 ul of primer (2)> and 0.15 ul of a 
thermostable DNA polymerase are added to prepare 30 ul of a reaction mixture. This reaction mixture is 
overlaid with 50 u I of mineral oil (produced by SIGMA). The contents of the solutions used and the primers 
(1) and (2) are as follows: 

so 10 x reaction buffer: 500 mM KCI, 100 mM Tris-HCI, pH 8.3, 15 mM MgCfe. 0.1% (w/v) gelatin. 

dNTP solution: A mixture of dATP, dCTP, dGTP and dTTP, each having a final concentration of 1 .25 
mM. 

Primers (1) and (2): Aqueous solution of the above-described chemically synthesized purified products 
(concentration, 3.75 OD/mt). 

55 Primers: The above-described chemically synthesized and purified products are used in combination as 
follows: 

Primer (1) + primer (2) ~ Oligonucleotide SEQ ID NO:1 + Oligonucleotide SEQ ID NO:2 
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Thermostable DNA polymerase: Taq DNA polymerase (5 unit/ml; produced by Perkin Elmer Cetus). 

The reaction conditions are as follows: 
Thermal denaturation: 94 * C for 1 minute. 
5 Annealing: 55 ° C for 1 minute. 

Polymerization: 72" O for 1 minute. 

The cycle of thermal denaturation, primer annealing and polymerization (5.7 minutes) is repeated for 35 
cycles (entire time, about 3 hours). This procedure is performed using a DNA thermal cycler (produced by 
Perkin Elmer Cetus) in which the above reaction conditions are programmed. 

10 

Detection 

Agarose gel electrophoresis 

15 To detect the amplified nucleotide fragment in the reaction mixture, agarose gel electrophoresis is 

conducted as mentioned below. 

The agarose gel used has a gel concentration of 3% (w/v) and contains ethidium bromide (0.5 ul/ml). 

Electrophoresis is performed at the constant voltage of 100 V for 30 minutes. Operation procedures and 

other conditions described by Maniatis et al.[Molecular Cloning, 2nd edition (1989)] are used. In addition to 
20 the reaction mixture, molecular weight markers are also electrophoresed concurrently. The length of the 

nucleotide fragment is calculated by comparing the relative mobilities. 

Reversed passive latex agglutination (RPLA) test 

25 A commercially available RPLA kit for detection of Escherichia coli Verocytotoxin (produced by 
DEIMKA SEIKEN) is purchased. Specimens are prepared and tested according to the instruction manual 
attached. 

Results 

30 

The base sequence of the Shiga toxin gene of Shigella dysenteriae has already been determined. 
Therefore, the length of the nucleotide amplified by PCR using the oligonucleotides of the present invention 
as primers can easily be estimated. Specifically, when the oligonucleotides SEQ ID NO: 1 and SEQ ID NO: 
2 of the present invention are used in combination, a nucleotide sequence of 349 bases (or a nucleotide 

35 duplex of 349 base pairs) is amplified. When this estimation accords with the length of the amplified 
nucleotide fragment, it is judged that PCR using the combination of primers accurately amplify the target 
region of the Shiga toxin gene, and that the bacterial strain in the specimen has the Shiga toxin gene. The 
results obtained from the agarose gel electrophoresis with 34 test strains are given in Table 1 . PCR using 
the primers of the present invention amplifies only the DNA of the strains which give positive results in the 

40 RPLA, showing no amplification of DNAs of Shiga toxin negative strains. This indicates that PCR using the 
primers of the present invention are capable of accurately amplifying the Shiga toxin gene and that Shigella 
dysenteriae having the Shiga toxin gene can be detected with high accuracy by using the oligonucleotides 
of the present invention. 

45 



50 



55 
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Table 1 





No 


Strains 


RPLA 


PGR 


No 


Strains 


RPLA 


PCR 


5 


01 


S. dysenteriae 


TUMD 1 






22 


S. dysenteriae 


AQ7370 








02 


S. dysenteriae 


TUMD2 






23 


S. dysenteriae 


AQ7403 








03 


S. dysenteriae 


TUMD 3 


- 


- 


24 


S. dysenteriae 


AA-22021 ! 




4* 


10 


04 


S, dysenteriae 


TUMD 4 






25 


S. dysenteriae 


AA-22184 




+ 


05 


S. dysenteriae 


TUMD 5 


* 




26 


S. dysenteriae 


AA-22192 


+ 


+ 




06 


S. dysenteriae 


TUMD 6 




- 


27 


S. dysenteriae 


AA-22555 


+ 


+ 




07 


S. dysenteriae 


MARABLA 


- 


- 


28 


S. dysenteriae 


AA-21933 


+ 




15 


08 


S. dysenteriae 


AQ7003 


+ 




29 


S. dysenteriae 


AA-22496 




+ 




09 


S. dysenteriae 


AQ7004 


+ 


+ 


30 


S, dysenteriae 


AA-22224 


+ 






10 


S. dysenteriae 


AQ7018 


- 


- 


31 


S. dysenteriae 


AA-22542 


+ 


+ 


20 


11 


S. dysenteriae 


AQ7029 


- 




32 


S. dysenteriae 


AA-22616 


+ 


+ 




12 


S. dysenteriae 


AQ7030 


- 


- 


33 


S. dysenteriae 


AA-22239 


+ 






13 


S. dysenteriae 


AQ7061 


- 


- 


34 


S, dysenteriae 


AA-22538 


+ 


+ 


25 


14 


S. dysenteriae 


AQ7125 


- 


- 


35 


S. dysenteriae 


ATCC9361 




+ 


15 


S. dysenteriae 


AQ7131 






36 


S. dysenteriae 


ATCC9753 








16 


S. dysenteriae 


AQ7151 






37 


S. dysenteriae 


ATCC9764 








17 


S. dysenteriae 


AQ7164 






38 


S. dysenteriae 


ATCC1 1456a 


+ 


+ 


30 


18 


S. dysenteriae 


AQ71 66 






38 


S. dysenteriae 


ATCC13313 


+ 


+ 




19 


S. dysenteriae 


AQ7234 






40 


S. dysenteriae 


ATCC23351 




+ 




20 


S. dysenteriae 


AQ7302 






41 


S. dysenteriae 


ATCC29027 






36 


21 


S. dysenteriae 


AQ7350 






42 


S. dysenteriae 


ATCC29028 






40 


Note) 

+ : DNA of estimated length is amplified. 
N : DNA of not-estimated length is amplified. 
DNA is not amplified. 



[Experiment 2] 

45 To determine whether the results obtained in Experiment 1 are specific to the Shiga toxin gene, the 
DNAs of clinically important pathogenic bacteria other than Shigella dysenteriae are examined with the 
primers of the present invention. The same procedure as used in Experiment 1 is followed, except for the 
method of preparation of specimens. 

50 Preparation of specimens 

Each strain listed in Table 2 is inoculated to an appropriate enrichment medium, and subjected to 
overnight culture at 37 °C under aerobic or anaerobic conditions (Clostridium perfringens, Campylobacter 
jejuni, Campylobacter colt, Bacteroicfes flagilis, Bacteroides vulgatus, Lactobacillus acidophilus, and 
55 Bifidobacterium adolescentis are cultured under anaerobic conditions, while Neisseria gonorrhoeae and 
Neisseria meningitidis are cultured in the presence of 3 - 10% CO2). Bacterial cells are centrifugally 
recovered from 0.5 ml of each culture broth, and once washed with TE buffer. To these bacterial cells, an 
N-acetylmuraminidase solution in 50 mM phosphate buffer, pH 7.5, and an achromopeptidase solution in 
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the same buffer are added to final concentrations of 50 ntg/ml and 1 mg/mi, respectively, followed by 
incubation at 37 °C for 10 minutes to lyse the cells. A 1:1 phenol/chloroform mixture, saturated with TE 
buffer, is added to the lysate, followed by vigorous stirring. After centrifugation, the supernatant is 
recovered, and treated with ethanoi to precipitate the nucleic acids. The resulting precipitate is dissolved in 
5 1 ml of TE buffer; this solution is used as a specimen. Also, Human placenta DNA, at a concentration of 1 
ug/ml, is subjected to PCR in the same manner as above. 

Results 

10 Table 2 shows the results of the test using the combination of the primers of the present invention. This 
combination of primers does not amplify DNAs other than those of Shiga toxin-producing Shigella 
cfysenteriae and Verocytotoxin-1 -producing Escherichia coli. It can therefore be concluded that the 
oligonucleotide primers of the present invention selectively react with DNAs of the bacteria having the Shiga 
toxin gene. 

15 The agarose gel electrophoresis used in the above examples of the present invention can differentiate 
nucleotide fragments from one another which are different in length by 5-10 bases (base pairs) for 
nucleotide fragments of not more than 100 bases (base pairs), and by 10-20 bases (base pairs) for 
nucleotide fragments of 100-500 bases (base pairs). In addition, the use of other gel material such as 
acrylamide makes it possible to improve the precision in measuring the length of nucleotide fragment. Thus, 

20 the reliability of the selective detection of the target gene in the present invention can further be increased. 



25 
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Table 2 



No 


Strains 


PCR 


No 


Strains 


PCR 


01 


Bacillus cereus 


ATCC14579 


- 


21 


Klebsiella pneumoniae 


JCM1662 


- 


02 


Bacillus Subtillis 


JCM1465 


- 


22 


Proteus vulgaris 


JCM1668 


- 


03 


Staphylococcus aureus 


JCM2413 


- 


23 


Citrobacter freundii 


ATCC33128 


- 


04 


Staphylococcus epidermidis 


JCM2414 


- 


24 


Streptococcus pyogenes 


ATCC12344 


- 


05 


Salmonella typhimurium 


IF012529 


- 


25 


Streptococcus pneumoniae 


ATCC33400 


- 


06 


Salmonella enteritidis 


IF03163 


- 


26 


Elaemophtlis influenzae 


ATCC33391 


- 


07 


Clostridium perfringens 


ATCC12917 


- 


27 


Proteus mirabilis 


ATCC29906 


- 


08 


Vibrio cholerae 


ATCC25872 


- 


28 


Neisseria meningitidis 


ATCC13077 


- 


09 


Vibrio cholerae type Ogawa 


ATCC9458 


- 


29 


Neisseria gonorrhoeae 


ATCC19424 


- 


10 


Vibrio cholerae type Inaba 


ATCC9459 


- 


30 


Listeria monocytogenes 


ATCC15313 


- 


11 


Vibrio fluvialis 


JCM3752 


- 


31 


Lactobacillus acidophilus 


JCM1132 


- 


12 


Campylobacter jejuni 


JCM2013 


- 


32 


Bifidobacterium adolescentis 


JCM1275 


- 


13 


Campylobacter coli 


JCM2529 


- 


33 


Fusobacterium nucieatum 


ATCC25586 


- 


14 


Escherichia coli 


JCM1649 




34 


Propionibacterium acnes 


ATCC6919 




15 


Yersinia enterocolttica 


ATCC9610 




35 


Veilloneila atypica 


ATCC17744 




16 


Shigella flexneri 


ATCC29903 




36 


Pseudomonas aeruginosa 


IF012689 




17 


Shigella sonnet 


ATCC29930 




37 


Corynebacterium dtphtheriae 


JCM1310 




18 


Bacteroides flagilis 


ATCC23745 




38 


Peptostreptococcus anaerobius 


ATCC27337 




19 


Bacteroides vulgatus 


JCM5826 




39 


Human placental 


DNA 




20 


Enterococcus faecalis 


JCM5803 












Note) 

+ : DNA of estimated length is amplified. 
N : DNA of not-estimated length is amplified. 
- : DNA is not amplified. 



Example 2: Detection of Shigella species and El EC both having the ipaH gene 
[Experiment 1] 
Preparation of specimens 

The same procedure as used in Example 1 is followed except that 341 strains of Shigella species and 
EIEC listed in Tables 3-1 to 3-7 are used. 

Synthesis of primers 

As primers for amplifying the ipaH gene of Shigella species and EIEC strains, the above-described 
oligonucleotides SEQ ID NO:3 and SEQ ID NO:4 are selected based upon the known base sequence of the 
ipaH gene [Hartman, A.B., et al., J. BacterioL, 172, 1905-1915(1990); Venkatesan, M.M., et ah, Mol. 
Microbiol., 5, 2435-2446 (1991)]. These oligonucleotides are chemically synthesized by the same method 
as in Experiment 1 of Example 1. 
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PCR 

PCR is carried out under the same reaction conditions as in Example 1 except that the following 
oligonucleotide combination is used: 

5 

Primer (1) + primer (2) = Oligonucleotide SEQ ID NO:3 + Oligonucleotide SEQ ID NO:4 



Detection 

Agarose gel electrophoresis 

The same procedure as in Example t is followed. 

15 Colony hybridization test 

A colony hybridization test is carried out using an oligonucleotide probe specific to the ipaH gene 
according to the procedure described by Grunstein [Grunstein, M. and Hogness, D., Proc. Natl. Acad. Sci., 
72, 3961(1975)]. 

20 

Results 

The base sequence of the ipaH gene of Shigella species and EIEC has already been determined. 
Therefore, the length of the nucleotide fragments amplified by PCR using the oligonucleotides of the 

25 present invention as primers can easily be estimated. Specifically, when the oligonucleotides SEQ ID NO: 3 
and SEQ ID NO: 4 of the present invention are used in combination, a nucleotide fragment of 242 bases (or 
a nucleotide duplex of 242 base pairs) should be amplified. When this estimation accords with the length of 
the amplified nucleotide fragment, it is judged that PCR using the combination of primers accurately amplify 
the target region in the ipaH gene, and that the bacterial strain in the specimen has the ipaH gene. The 

30 results obtained from the agarose gei electrophoresis with 341 test strains are given in Tables 3-1 to 3-7. 
PCR using the primers of the present invention amplifies only the DNA of the strains which give the ipaH 
positive results in the colony hybridization test, showing no amplification of the DNAs of ipaH negative 
strains. This indicates that PCR using the primers of the present invention is capable of accurately 
amplifying the ipaH gene and that Shigella species and EIEC both having the ipaH gene can be detected 

35 with high accuracy by using the oligonucleotides of the present invention. 
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Table 3 - I 



No 


Strains 


CH 

tpqt * 


Primer 
•* 


No 


Strains 


CH 

test* 


Primer 
3+4 ** 




rivcan tartan THUn 1 




t 


U60 


b. dysen ter i ae AA- 22192 








Q ftvc*>n tori *e Tl TliTh 0 


i_ 

i 


T 


ClO*T 


i>, dysen t er i ae AA- 22555 


+ • 


— 




O* U J oCII 1 CI iac 1 UfflV O 


i 


_L 


\)co 


o, oysenienae aa~2193o 


+ 


+ 




uyseiueriae i umu 4 


t 

T 


-i- 


Ann 

uzy 


S. dysenteriae AA-22496 








0. flysenienae iumu 0 






AAA 

030 


S. dysen t er i ae AA-22224 






AAA 


0. oysentenae jumu 0 


+ 




031 


S. dysen t er i ae AA-22542 








o. oysentertae makadia 






032 


S. dysen t er t ae AA-22616 




+ 




C Hu«antori«a AA— 7AA0 


i 

*r 


t 
i 


Ooo 


S. dysen t er I ae AA-22239 






AAG 


oysenienae Ay~*uu4 


+ 


-h 


A4i 

034 


S. dysenteriae AA-22538 


+ 




frtf> 


o. oysenienae AW'/uio 




-h 




S. dysen t er i ae ATCC9361 






01 1 

Ui I 


C rfvcftntartaa AA— 7AOO 

o. uystenienae Ay fvzy 


i. 


i 




S. dysen t er i ae ATCC9753 




+ 




o» oysemertae Atif UoU 


4* 


+ 


037 


S. dysenteriae ATCC1 1456a 






AT *3 


j>* dysenteriae Ay~70ol 


+ 




038 


S. dysenteriae ATCC13313 






At A 


5>. dysenteriae AQ-7125 




+ 


039 


S. dysenteriae ATCC23351 


+ 


+ 




a. dysenteriae ASJ w 713I 


4- 


*+* 


040 


S. dysenteriae ATCC29027 


+ 


+ 


01 o 


S. dysenteriae AQ-715I 


+ 




041 


S. dysenteriae ATCC29028 


+ 




ft t »7 

UI7 


5. dysenteriae AQ-7164 






042 


kflexneri TUMD 7 






AT Q 


o. dysenteriae Ay-7loo 


+ 


+ 


043 


S, flexneri TUMD 8 




+ 




a. dysenteriae Atj-7Z34 




+ 


044 


S. ftexneri TUMD 9 


+ 


+ 


020 


S. dysenteriae AQ-7302 


+ 




045 






-4- 


021 


S. dysenteriae AO-7350 


+ 


+ 


046 


S.flexneri TUMDI1 


+ 




022 


S. dysenteriae AQ-7370 


+ 


+ 


047 


S.flexneri TUMD12 




+ 


023 


S. dysenteriae AQ-7403 


+ 




048 


S.flexneri TUMD13 


+ 




024 


S. dysenteriae AA-22021 


+ 


+ 


049 


S.flexneri TUMD14 


+ 


+ 


025 


S. dysenteriae AA-22184 


+ 




050 


S. flexneri TUMD15 




+ 



Note) * Colony hybridization test 

** Numerals refer to SEO ID NOs. 
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Table 3-2 



5 


No 


S t r a \ 


n s 


CK 

toot " 

test 


Primer 


No 


Strain 


s 


CH 

test* 


Priaer 
3+4 *' 




v\)l 




TtlMniR 




4* 


07R 

UIU 


O. 1 ICAilCl J 






4* 








Tiiuni? 






077 
V* f 


C rtovnDf t 
q. 1 iCAllcri 




-f* • 


4- 


10 


U*>u 


a. I IcXflcri 


J UMuiO 


_L 




VI 0 


0. x icxneri 


IUMU44 


1 

r 


4- 




VD4 








_1_ 




b> I lexnen 


TUMD45 


4- 


4 


15 




o, I texner i 




1 

4* 


.1. 

4* 


OoU 


o» i lexneri 


TUMD46 




4 


UOO 


S. flexner i 


Tiiimoi 
iUMUZl 


4~ 


4" 




b. 1 lexneri 


T? Ti AWT 

TUMD47 


+ 


4 




057 


S. f lexneri 


TUMD22 


4- 




082 


S. f lexneri 


Ml U ML ■ a 

TUMD48 


+ 


4 


20 




o. t lexneri 




4~ 


1 

~r 


AOO 

voa 


h. 1 lexneri 


TUMD49 


4 


4 




059 


S. f lexneri 


TUMD24 


4* 


4* 


084 


S. f lexneri 


TUMD50 


4- 


4 




ObO 


b. r lexneri 


TUMDZ5 


4- 


4* 


nor 

085 


S, flexner i 


TUMD51 


4 


4 


25 


A£1 


C Mavnart 

o. i lexner t 


T( [UnOft 


t 

*T- 




AQA 
UiSO 


!>, i lexner i 


TUMD52 


4* 


4 




Aft 9 


o. i lexneri 


TltUHOT 


t 

-r 


1 

4- 


A07 
UO( 


S. f lexneri 


TUMD53 




4 




AC1 
UOO 


o. i lexner i 


I UMUZo 


i 

~r 


4- 


AOO 


0. f iexneri 


TUMD54 


4- 


4 


30 


A£* 

U04 


o. i lexneri 


i UMUZy 


i 


4- 




5, f lexnen 


TUMD55 


4- 


4 




ACS 


i lexneri 


TUMD30 


+ 


4- 


AAA 

090 


S. f lexneri 


TUMD56 


4- 


4 


35 


066 


S. flexner I 


TUMD31 


+ 


4- 


091 


S. flexner i 


TUMD57 


4- 


4 


067 


S. f lexneri 


TUMD32 


4- 


4> 


092 


SJ lexneri 


TUMD58 


+ 


4 




068 


S. f lexneri 


/HI H n\ A A 

TUMD33 


4- 


4» 


093 


S. flexner i 


TUMD59 


4- 


4 


40 


AAA 

059 


S. f lexner t 


TUMD34 


4 


4- 


094 


S. flexner i 


TUMD60 


4* 


4 




070 


O. I 1 CAHCI t 




4- 


1 




S. flexner! 


TUMD61 


4* 


4 




071 


S. f lexneri 


TUMD36 


+ 


+ 


096 


S. f lexneri Maramba 89-77 


4- 


4 


45 


072 


S. f lexneri 


TUMD38 


+ 


4- 


097 


S. f lexneri Maramba 


89-95 


4- 


4 




073 


S. flexner I 


TUMD39 


4 


+ 


098 


f 1 exneriMaramba89-109a 


4- 


4 




074 


S. flexner i 


TUMD40 


+ 




099 


S.f lexneri Maramba89~119 


4- 


4- 


50 


075 


%, f lexneri 


TUMD41 


4 




100 


S. f lexneri Mararoba89-155 


4- 


4- 
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Table 3-3 



No 


S t r a I 


n s 


CH 

test* 


Primer 
3+4 " 


g 

No 

1 


Strains 


CH 

test* 


Pri»er 
3+4 


101 


S. flexneri Maramba89-164 


+ 


-h 


126 


S. flexneri 


AQ-7385 


4- 


4- 


102 


S, flexneri Maramba89-150 


4- 


4- 


127 


S. flexneri 


AQ-7386 


+ . 


4- 


103 


S. flexneri 


AA-22175 


+ 


4- 


128 


S. flexneri 


AQ-7390 


+ 


4- 


104 


S. flexneri 


AA-22371 


4- 


4- 


129 


S. flexneri 


AQ-7391 


4- 


4- 


105 


S. flexneri 


AA-22266 


-h 


4- 


130 


S. flexneri 


AQ-7393 


+ 


4- 


106 


S. flexneri 


AA-22636 


4- 


4- 


131 


S. flexneri 


AQ-7394 


+ 


+ 


107 


S. flexneri 


AA-22187 


4- 


4~ 


132 


S. flexneri 


AQ-7398 


4- 


4- 


108 


S. flexneri 


AA-22170 


4- 


+ 


133 


S. flexneri 


AQ-7399 


4- 


4- 


109 


S. flexneri 


AA'22367 


4- 


+ 


134 


S. flexneri 


AQ-7400 


4- 


4- 


110 


S. flexneri 


AA-22316 


4- 


+ 


135 


S. flexneri 


AQ-7402 


4- 


4- 


111 


S. flexneri 


AA-22265 


+ 


4- 


136 


S. flexneri 


AQ-7407 


4- 


4- 


112 


S. flexneri 


AA-22296 


4- 


+ 


137 


S. flexneri 


AQ-7408 


+ 


4- 


113 


S. flexneri 


AA-22312 


4- 


4- 


138 


S. flexneri 


AQ-7411 


4- 


4~ 


114 


S. flexneri 


AA-22246 


4- 


4- 


139 


S. fiexneri 


AQ-7416 


+ 


4- 


115 


flexneri 


AA-21981 


+ 


4- 


140 


S. flexneri 


AO-7417 


4- 


+ 


116 


S. flexneri 


AA-22097 


4- 


4- 


141 


S. flexneri 


AQ-7418 


4- 


4- 


117 


S. flexneri 


AQ-7347 


4- 


4- 


142 


S. flexneri 


AQ-7423 




4- 


118 


S. flexneri 


AQ-7348 


4- 


+ 


143 


S. fiexneri 


AQ-7424 


+ 




119 


S. flexneri 


AQ-7351 


4* 


4- 


144 


S. flexneri 


AO-7426 


4- 


4* 


120 


S. fiexneri 


AO-7360 


-f 


4- 


145 


S. flexneri 


AQ-7427 


4- 


4- 


121 


S. flexneri 


AQ-7367 


4- 


+ 


146 


S. flexneri Mani la 


89-164 


+ 




122 


S. flexneri 


AQ-7372 


4- 


+ 


147 


S. flexneri Manila 


89-177 


4- 


4- 


123 


S. fiexneri 


AQ-7378 


4- 


4- 


148 


S. flexneri Manila 89-209 


+ 


4- 


124 


S. flexneri 


AQ-7379 


4- 




149 


S. flexneri Manila 89-210 


4- 


4- 


125 


S. flexneri 


AQ-7380 


4- 


+ 


150 


S. flexneri Manila 


89-229 


4- 


4- 



16 



EP 0 669 399 A2 



Table 3-4 



5 


No 


Strains 


CH 

test* 


Primer 
3+4 " 


No 


S t r a i 


n s 


CB 

test* 


Primer 
3+4 ** 




151 


S. flexneri Manila 89-230 






176 


S. boydii 


TUMB64 


4* 






152 


S. flexneri Manila 89-231 


+ 




177 


$♦ boydii 


TUMD65 


■ + . 


+ 


70 


153 


S. flexneri Manila 89-232 






178 


S. boydii 


TUMD66 




+ 




154 


S. flexneri Manila 89-233 


+ 


+ 


179 


S. boydii 


TUMD67 


+ 


+ 


75 


155 


S. flexneri Manila 89-273 


+ 


+ 


180 


S. boydii 


TUMD68 


+ 


+ 


156 


S. flexneri Manila 89*328 


+ 




181 


S. boydii 


AQ-7019 


+ 


+ 




157 


S. flexneri Manila 89-333 






182 


S. boydii 


AQ-7020 


+ 


+ 


20 


158 


S. flexneri Manila 89-365 


■+ 


+ 


183 


S. boydii 


AQ-7026 


+ 


+ 




159 


S. flexneri Manila 89-274 


■f 




184 


S. boydii 


AQ-7032 




+ 




160 


flexneri Manila 89-436 


+ 


+ 


185 


S. boydii 


AQ-7039 


+ 


+ 


25 


161 


S. flexneri Manila 89-438 


+ 


+ 


186 


S. boydii 


AQ-7042 








162 


S. flexneri Manila 89-443 


+ 


+ 


187 


S. boydii 


AQ-7062 








163 


S. flexneri Manila 89-444 


+ 


-f 


188 


S. boydii 


AQ-7076 


+ 


+ 


30 


164 


S. flexneri Manila 89-450 


+ 


+ 


189 


S. boydii 


AQ-7098 




+ 




165 


S. flexneri Manila 89-480 


+ 




190 


S. boydii 


AQ-7157 




+ 


35 


166 


S. flexneri Manila 89-483 






191 


S. boydii 


AO-7193 


+ 


+ 




167 


S. flexneri Manila 89-486 






192 


S. boydii 


AQ-7206 


-f 






168 


S. flexneri Manila 89-498 




+ 


193 


S. boydi i 


AO-7213 


-h 


+ 


40 


169 


S. flexneri Manila 89*499 






194 


S- boydii 


AO- 721 8 




+ 




170 


S. flexneri Manila 89-503 


+ 


+ 


195 


S. boydi i 


AQ-7238 


+ 


+ 




171 


S. flexneri Manila 89-509 


+ 




196 


S. boydii 


AQ-7267 


+ 


+ 


45 


172 


S. flexneri Manila 89-532 


+ 




197 


S. boydii 


AQ-7268 




+ 




173 


S. flexneri Manila 89-539 






198 


S. boydii 


AQ-7307 




+ 


50 


174 


S. boyd i i TUMD62 




-f - 


199 


S. boydii 


AQ-7313 


+ 






175 


S. boydii TUMD63 


+ 


+ 


200 


S, boydii 


AO-7314 


+ 


+ 
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Table 3-5 



5 


Ho 


S t r a 


t n s 


CH 

test* 


Primer 
3+4 ** 


No 


Strains 


CH 

ICO I 


Prioer 




201 


S. boyd i i 


AQ-7324 






226 


S. sonnei 


AQ-7382 


4. 


4- 




202 


S. boydi i 


AQ-7349 


4- 


+ 


227 


S. sonnei 


AQ-7383 




4- 


10 


203 


S. boydi i . 


AQ-7354 


4 


4 


228 


S. sonnet 


AQ-7384 


+ 


4* 




204 


S. boydi i 


AQ-7356 


+ 


4 


229 


sonnei 


AQ-7387 


4- 


4- 




205 


S bovdi i 


AQ-7357 


4- 


4 


230 


S. sonnei 


AQ-7388 


4- 


4_ 


T5 


206 


R hnvffi t 


AO-7368 


4 


4 


231 


S. sonnei 


AQ-7389 


( 


f 




207 


S bovdi t 


AQ-7373 


+ 


4- 


232 


S~ sonnei 


AQ-7392 


4* 


4* 


20 


208 


S bovdi i 


AQ-7376 


4- 


4 


233 


S. sonnei 


AQ-7395 


4- 


4- 


209 


c bovdi i 

vj» VXfJ U I I 




4 


4- 


234 


S. sonnei 


AQ-7396 




_i_ 
i 




210 


S bovd i i 


AA-22562 

fin bibbrUb 


+ 


4- 


235 


S. sonnei 


AQ-7397 


"f* 


4- 


25 


211 




AA-2224 1 






236 


S. sonnei 


AQ-7401 


4_ 
t 


_1_ 




212 










9V 

CO I 


S. sonnei 


AO-7406 


i 


, i. 






S hnvri t i 






4- 


coo 


S. sonnei 


AQ-7409 


_L 


r 

"T 


30 


214 


o. uujr ut I 


AA-2021 1 


4- 


4 


CO\> 


S. sonnei 


AQ-7410 


4- 

r 


I. 




215 


S bnvdi i 

O. UU J U I I 


AA-21713 


4- 


4- 


2dA 

CH\J 


S. sonnei 


AQ-7412 


4. 




35 


216 


S bovd i i 


AA-17405 






24 1 


S, sonnei 


AQ-7413 


4* 




217 


C hnvri i t 


AA- 22804 


-f 


4. 


9&? 


S. sonnei 


AQ-7414 




1 
f 




218 


c hnvdii 

Vi UUJ U I I 


AQ-7297 


4- 


4* 


9&% 


S. sonnei 


AQ-7415 




1 

"T 


40 


219 


Q cnnnpi 




4- 


4* 


9AA 


S. sonnei 


AQ-7419 




t 




220 


S. sonnei 


AQ-7369 


4- 


4 


245 


S. sonnei 


AQ-7420 


4 


+ 




221 


S. sonnei 


AO-7371 


+ 


+ 


246 


S. sonnei 


AQ-7421 


4 


4- 


45 


222. 


S. sonnei 


AQ-7374 


4 


4 


247 


S. sonnei 


AQ-7422 


4 


+ 




223 


S. sonnei 


AQ-7375 


+ 


4- 


248 


S, sonnei 


AQ-7425 


+ 


4- 




224 


S. sonnei 


AQ-7377 




+ 


249 


S. sonnei 


AA-22634 


4 


+ 


50 


225 


S. sonnei 


AQ-7381 


+ 


4- 


259 


S. sonnei 


AA-22677 


4 


4- 
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Table 3-6 



5 


No 


S 1 r a i 


n $ 


CH 

tesr 


Primer 
3+4 *' 


No 


S t r i i 


n s 


CH 

test* 


Priaer 
3+4 ~ 




251 


S. sonne \ 


AA-18306 


+' 


+ 


276 


S. sonne i 


TUMDDi 


4- 


+ 




252 


S. sonne i 


AA-22067 


+ 


4- 


277 


S. sonnet 


TUMD92 


+ 




10 


253 


S. sonne i 


AA-22870 




4- 


278 


S. sonne i 


TUMD93 


+ 


4- 




254 


S. sonne i 


TUMD69 


-f 


4- 


279 


S. sonne i 


TUMD94 


4* 


4 


15 


255 


S. sonne f 


TUMD70 




4- 


280 


S. sonnet 


TUMD95 


4- 


4 


256 


S. sonne i 


TUMD71 


+ 


4- 


281 


S. sonne i 


TUMD96 


4 


+ 




257 


S. sonne i 


TUM072 




4- 


282 


S. sonne i 


TUMD97 


4- 


4- 


20 


258 


S. sonne i 


TUMD73 


+ 


4- 


283 


S. sonne i 


TUMD98 


4- 


4- 




259 


S. sonne i 


TUMB74 


4~ 


+ 


284 


S. sonne i 


TUMD99 


4- 


4- 




260 


S. sonne i 


TUMD75 


4- 


+ 


285 


S. sonne i 


TUMD100 


4* 


+ 


25 


261 


S. sonne i 


TUMD76 


4- 


4- 


286 


S. sonne i 


TUMD101 


4* 


4- 




262 


S. sonne i 


TUMD77 


+ 


4- 


287 


S. sonne i 


TUMD102 


4- 


4- 




263 


S. sonne i 


TUMD78 


4- 


4- 


288 


S. sonne i 


TUMD103 


4- 


4- 


30 


264 


S. sonne I 


TUMD79 


4- 


4- 


289 


S, sonne i 


TUMD104 


4- 


4- 




265 


S. sonne i 


TUMD80 


4- 


4- 


290 


S. sonne i 


TUMD105 


+ 


4 


35 


266 


S. sonne i 


TUMD81 


+ 


4- 


291 


S. sonnet 


TUMD106 


4- 


4- 




267 


S. sonne i 


TUMD82 


4- 


4- 


292 


S. sonne i 


TUMD107 


4- 


4- 




268 


S. sonne i 


TUMD83 


4- 


4- 


293 


S. sonne i 


TUMD108 


+ 


4 


40 


269 


S. sonne i 


TUMD84 


4- 


4- 


294 


S. sonnet 


TUMD109 


4- 


4 






S. sonne i 




4* 


4- 


one 


S. sonne i 


TUMDllO 


4 


4- 




271 


S. sonne i 


TUMD86 


4- 


4- 


296 


S. sonne i 


TUMDlll 


4- 


4- 


45 


272 


S. sonne 1 


TUMD87 


4- 


4- 


297 


S. sonne f 


TUMDH2 


4- 


4 




273 


S. sonne i 


TUMD88 


4- 


4- 


298 


L sonne i 


TUMDH3 


4- 


4~ 


50 


274 


S. sonne i 


TUMD89 


4- 


4- 


299 


S. sonne i 


TUMDH4 


+ 


4- . 


275 


S. sonne i 


TUMD90 


4- 


4- 


200 


S. sonne i 


TUMDH5 


4- 


4 
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Table 3- 7 



5 


No 


S i 


rains 


CH 

test' 


PriiDer 
3+4 •* 


No 


Strai 


n s 


CH 

tesr 


Primer 
3*4 " 




301 


S. sonnei 


TUMD116 


-h 


+ 


326 


Lcoii 


mon 


4- 


4- 




302 


S. sonnei 


TUMD117 


4- 


+ 


327 


E. coii 


AQ8012 


4-- 


4- 


10 


303 


S. sonnei 


TUMD118 




+ 


328 


E, coii 


AQ8013 


4* 


4- 




304 


S. sonne! 


TUMD119 


+ 


+ 


329 


E. coii 


AQ8016 


4- 


4- 


15 


305 


S. sonnei 


TUMD120 


4- 


+ 


330 


E. coii 


AQ8019 


4- 


4- 


306 


sonnei 


TUMD121 


+ 


+ 


331 


E. coii 


AQ8022 


4- 


4- 




307 


S. sonnei 


TUMD122 


4- 


4- 


332 


E. coii 


AQ8024 


4- 


4 


20 


308 


S. sonnei 


TUMD123 


+ 


4. 


333 


E. coii 


AQ8025 


4- 


4- 




309 


S. sonnei 


TUMD124 


4- 


4- 


334 


E. coii 


AQ8027 


4- 


4- 




310 


S. sonnei 


TUMB125 


4- 


4- 


335 


E. coii 


AQ8028 


4- 


4- 


25 


311 


S. sonnei 


TUMD126 


4- 


+ 


336 


E. coii 


AQ8029 


4- 


4- 




312 


S. sonnei 


TUMD127 


4- 


4- 


337 


E. coii 


AQ8031 


4- 


4- 


30 


313 


S. sonnei 


TUMD128 


4- 


4- 


338 


E. coii 


AQ8033 






314 


S. sonnei Maramba 89-154 


4- 


4- 


339 


Ecoli 


AQ8036 








315 


S. sonnei Maramba 89-161 


+ 


4- 


340 


Rcoli 


AQ8044 


4. 




35 


316 


S. sonnei 


Manila 89-342 


4- 


4- 


341 


E. coii 


PE660 




+ 




317 


S. sonnei 


Manila 89-445 


4- 


4- 












318 


E. coii 


OMR 6 


4- 


4- 










40 


319 


E. coii 


DMR78 


+ 


4- 












320 


B. coii 


DMR79 


4- 


+ 












321 


E. col i 


AQ8001 


4- 


4- 










45 


322 


E. coii 


AQ8003 


4- 


4- 












323 


L col i 


AQ8004 


4- 


4- 










50 


324 


E. coii 


AQ8008 


4- 


4* 












325 


E. coii 


AQ8010 


4- 


4- 











55 [Experiment 2] 

To determine whether the results obtained in Experiment 1 are specific to the /paH gene, the DNAs of 
clinically important pathogenic bacteria other than Shigeifa species and E1EC are examined with the 
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primers of the present invention. The same procedure as used In Experiment 1 is followed, except for the 
procedure of preparation of specimens. 

Preparation of specimens 

5 

Each strain listed in Table 4 is treated in the same manner as in Experiment 2 of Example 1. 
Results 

10 Table 4 shows the results of the test using the combination of primers of the present .invention. This 
combination of primers does not amplify any DNAs other than those of Shigella species and EIEC. It can 
therefore be concluded that the oligonucleotide primers of the present invention selectively react with DNAs 
of the bacteria having the /paH gene. 

15 Table 4 





No 


Strains 


PCR 


No 


Strains 


PCR 




01 


Bacillus cereus 


ATCC14579 


- 


21 


Klebsiella pneumoniae 


JCM1662 


- 


20 


02 


Bacillus Subtilis 


JCM1465 


- 


22 


Proteus vulgaris 


JCM1668 


- 




03 


O lcl[JI i y tULUOLUo 

aureus 




- 


23 


vyiiroDacier Treunon 


A 1 L/Oooltio 


- 


25 


04 


epidermidis 




- 


24 


oireptuc-uccus pyogenes 


A TPPl O'iAJt 

A I UUl «£o44 


- 




05 


^almrirnaila 
OdllHUI IGMcl 

typhimurium 


\r\J I £L.Dll.Cf 


- 


25 


oTrepiocuccus pneumoniae 


A I L/L/0O4UU 


- 


30 


06 


Salmonella enteritidis 


IF03163 


- 


26 


Eiaemophilis influenzae 


ATCC33391 


- 


07 


Clostridium 
perfringens 


ATCC12917 


- 


27 


Proteins mirabilis 


ATCC29906 


- 




08 


Vibrio cholerae 


ATCC25872 




28 


Neisseria meningitidis 


ATCC13077 




35 


09 


Vibrio cholerae type 
Ogawa 


ATCC9458 




29 


Neisseria gonorrhoeae 


ATCC19424 






10 


Vibrio cholerae type 
Inaba 


ATCC9459 




30 


Listeria monocytogenes 


ATCC15313 




40 


11 


Vibrio fluvtalis 


JCM3752 




31 


Lactobaci llus acidophil lus 


JCM1132 






12 


Campylobacter jejuni 


JCM2013 




32 


Bifidobacterium adolescentis 


JCM1275 






13 


Campylobacter coli 


JCM2529 




33 


Fusobacterium nucleatum 


ATCC25586 




45 


14 


Escherichia coli 


JCM1649 




34 


Propionibacterium acnes 


ATCC6919 






15 


Yersinia enterocolitica 
diphtheriae 


ATCC9610 




35 


Veillonella atypica 


ATCC17744 




50 


16 


Corynebacterium 
diphtheriae 


JCM13 




36 


Pseudomonas aeruginosa 


IF012689 




17 


Peptostreptococcus 
anaerobius 


ATCC23745 




37 


Human placental 


DNA 






18 


Bacteroides ffagilis 


ATCC23745 












55 


19 


Bacteroides vulgatus 


JCM5826 














20 


Enterococcus faecalis 


JCM5803 
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Example 3; Detection of Shigella species and EiEC having the invE gene 



[Experiment 1 ] 

5 Preparation of specimens 

The same procedure as used in Example 1 is followed except that 341 strains of Shigella species and 
EIEC listed in Tables 3-1 to 3-7 are used. 

10 Synthesis of primers 

As primers for amplifying the InvE gene of Shigella species and EIEC, the above-described 
oligonucleotides SEQ ID NO:5 and SEQ ID N0:6 are selected based upon the known base sequence of the 
invE gene [Watanabe, H., et al., J. Bacterid., 172, 619-629(1990)]. These oligonucleotides are chemically 
75 synthesized by the same method as in Experiment 1 of Example 1. 

PCR 



PCR is carried out under the same reaction conditions as in Example 1 except that the following 
20 oligonucleotide combination is used: 

Primer (1) + primer (2) = Oligonucleotide SEQ ID NO:5 + Oligonucleotide SEQ ID NO:6 



25 Detection 

Agarose gel electrophoresis 

The same procedure as in Example 1 is followed. 

30 

Colony hybridization test 

A colony hybridization test is carried out using an oligonucleotide probe specific to invE gene according 
to the procedure described by Grunstein [Grunstein, M. and Hogness, D., Proc. Natl. Acad. Sci., 72, 3961- 
35 (1975)]. 

Results 

The base sequence of the invE gene of Shigella species and EIEC has already been determined. 

40 Therefore, the length of the nucleotide fragments amplified by PCR using the oligonucleotides of the 
present invention as primers can easily be estimated. Specifically, the oligonucleotides SEQ ID NO: 5 and 
SEQ ID NO: 6 of the present invention are used in combination, a nucleotide fragment of 293 bases (or a 
nucleotide duplex of 293 base pairs) should be amplified. When this estimation accords with the length of 
the amplified nucleotide sequence, it rs judged that the combination of primers accurately amplifies the 

45 target region in the invE gene, and that the bacterial strain in the specimen has the invE gene. The results 
obtained from the agarose gel electrophoresis with 341 test strains are given in Tables 5-1 to 5-7. PCR 
using the primers of the present invention amplifies only the DNA of the strains which give the invE positive 
results in the colony hybridization test, showing no amplification of DNAs of invE negative strains. This 
indicates that PCR using the primers of the present invention is capable of accurately amplifying the invE 

50 gene and that Shigella species and EIEC both having the invE gene can be detected with high accuracy by 
using the oligonucleotides of the present invention. 



55 
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Table 5 - 1 



No 


S t r a ins 


CH 

test" 


Primer 


No 


Strains 


CH 

Lei I 


Primer 


001 


S dvsentpriae TIM) 1 






026 


u/acuici lac /Vi £>£i£;£ 






002 


£ dvsentpriae TUMD 2 






027 


S dvQPntprtap AA-P^^ 
o. ujraciiici lie nn £t£,oo%J 




4- 


003 


S dvsenferiae TUMD 3 






028 


S dv^pnfprfap AA-zMQT^ 




4_ 


004 


S dvsenteriae TtJMD A 

KJ* Ovit lull 1 LJiTtl/ *T 




4- 


029 


O. UjoCtllCi lac fin ££4tt\/ 


4_ 
i 


_1_ 

I 


005 


S dvsentpriae TUMD ^ 






030 


R rfvspntpriap AA-99994 






006 


^ dv<:pntpriap TtlMfi 6 








o» uyaclHcI lac An 


4_ 
i 


1 


fio.7 


Q ftvQPntoriap UAPAftlA 








o, uyscnicriac aa ^DiO 




: 


wo 


C rlvcontorho Aft— 7AA^ 
O. El/bcil l cT lac AVr ivvO 








o. oysenieriae AA~6,£Zoy 




+ 




ck aysenieriae Ay /UU4 




1 

-r 


Uo4 


o. aysenieriae aa-^doo 




-f 


ATA 


aysenieriae Ay~/uio 






not 
UOD 


S, dysenteriae ATCC9361 






At 1 


aysenieriae Ay-zu/y 






AOC 


b. dysenteriae ATCC9753 




+ 




C ducontartiQ AO.— 7AQA 

c*. uy stint; ride fty fvov 


j_ 


t. 


Uoi 


a. aysenieriae AiLtlHbba 


■f- 


+ 


At *i 


a. aysenieriae Ay /uoi 






AQQ 


5>. dysenteriae ATCC13313 






f>la 


C Hvcontariia AA-710R 
a. uy^cil lei lac Ay ( 1^.0 


-4- 
i 


_L 




oysenier iae Aitl/oool 


+ 






O. UjbCltlcI lac «y ( Loi 






Aj*A 
U4U 


C /IvoanlarUn ATAAOAAOT 

o. oysenieriae Aitt^yu^/ 


4- 


+ 




Q rivcpnforiap AQ-7T^t 
0. UjbciHcl lac rty * iJi 






U4l 


C Zircon f a ** t 4 a ATATOAAOQ 

a. aysenieriae AitLZyuzo 








C five on t ar i a o AA-*7t ft4 

o. uyicuicridc Ay /I04 


4- 


1 


A>!0 
U4£ 


I lexnen iumo 7 








C Hvciinloriio Aft-TtftR 

o. tiyiciiicridt; Ay fit>o 




T 


U4d 


C flavnnft TlflflV O 

i texnen TUMD 8 






AID 


o. aysenieriae Ay-/£*J4 


+ 


4" 


A A A 

044 


f lexnen TUMD 9 


+ 




020 


S dvsenteriae AO- 7302 






04 S 


C ft PYnpr » Tiiunin 






021 


S. dysenteriae AQ-7350 




+ 


046 


S. flexneri TUMD11 






022 


S. dysenteriae AQ-7370 


+ 


+ 


047 


S. flexneri TUMD 12 






023 


dysenteriae AQ-7403 


4 




048 


S. flexneri TUMD13 




4- 


024 


S,. dysenteriae AA-22021 


4- 




049 


S. flexneri TUMD14 






025 


S, dysenteriae AA-22184 






050 


S. flexneri TUMD15 




4- 
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Table 5-2 



No 


S t r a 1 


n 5 


CH 

test* 


Primer 
5+6 *• 


No 


Strains 


CH 

test' 


Primer 
5+6 


051 


S. f lexneri 


TUMD16 






| 076 


S. flexneri 


TUMD42 






052 


S. f lexneri 


TUMD17 






077 


S. flexneri 


TUMD43 


+ - 


+ 


053 


S. f lexneri 


TUMD18 






078 


S. flexneri 


TUMD44 






054 


S. flexneri 


TUMD19 


+ 




079 


S. flexneri 


TUMD45 


+ 




055 


S. f lexneri 


TUMD20 






080 


S. flexneri 


TUMD46 






056 


S. f lexneri 


TUMD21 






081 


S. flexneri 


TUMD47 


+ 




057 


S* flexneri 


TUMD22 






082 


S. flexneri 


TUMD48 






058 


S. f lexneri 


TUMD23 






083 


S. flexneri 


TUMD49 






059 


S. flexneri 


TUMD24 


4- 




084 


S. flexneri 


TUMD50 






060 


S, flexneri 


TUMD25 






085 


S. flexneri 


TUMD51 






061 


S. flexneri 


TUMD26 






086 


S. flexneri 


TUMD52 




+ 


062 


S. flexneri 


TUMD27 






087 


S. flexneri 


TUMD53 






063 


S. flexneri 


TUMD28 






088 


S. flexneri 


TUMD54 






064 


S. flexneri 


TUMD29 






089 


S, flexneri 


TUMD55 






065 


S. flexneri 


TUMD30 


+ 




090 


S. flexneri 


TUMD56 






066 


S, flexneri 


TUMD31 






091 


S. flexneri 


TUMD57 






067 


S. flexneri 


TUMD32 






092 


S. flexneri 


TUMD58 






068 


S, flexneri 


TUMD33 






093 


S. flexneri 


TUMD59 






069 


S. flexneri 


TUMD34 






094 


S. flexneri 


TUMD60 






070 


S. flexneri 


TUMD35 






095 


flexneri 


TUMD6I 






071 


S. flexneri 


TUM036 




+ 


096 


S. flexneri 


Maramba 89-77 






072 


S. flexneri 


TUMD38 






097 


S. flexneri 


Maramba 89-95 




+ 


073 


S. flexneri 


TUMD39 


+ 




098 


S. f !exnenMaramba89-109a 






074 


S. flexneri 


TUMD40 






099 


S. flexneri 


Maramba89-119 






075 


S. flexneri 


TUMD41 


-f 




100 


S. flexneri 


Maramba89-155 
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Table 5-3 



5 


No 


S t r a 


i n s 


CH 

test" 


Primer 
516 *' 


No 


Strains 


CH 

test* 


Primer 
5+6 




101 


S. flexneri Maramba89-164 






126 


S. flexneri 


AQ-7385 


+ 






102 


S. flexneri Ma ramba89-150 




+ 


127 


S. flexneri 


AQ-7386 






10 


103 


S. flexneri 


* AA-22175 






128 


flexneri 


AQ-7390 








104 


S, flexneri 


AA-22371 






129 


S. flexneri 


AQ-7391 




+ 


75 


105 


S. flexneri 


AA-22266 


+ 




130 


S. flexneri 


AQ-7393 






106 


S. flexneri 


AA-22636 




+ 


131 


S. flexneri 


A0-7394 








107 


S. flexneri 


AA-22187 






132 


S. flexneri 


AQ-7398 






20 


108 


S. flexneri 


AA-22170 






133 


S. flexneri 


AQ-7399 








109 


S. flexneri 


AA-22367 


+ 




134 


S. flexneri 


AQ-7400 








110 


S. flexneri 


AA-22316 






135 


S. flexneri 


AQ-7402 






25 


111 


S. flexneri 


AA-22265 


+ 




136 


S. flexneri 


AQ-7407 








112 


S. flexneri 


AA-22296 






137 


S. f lexneri 


AQ-7408 








113 


S. flexneri 


AA-22312 


+ 




138 


S. flexneri 


AQ-7411 


+ 


+ 


30 


114 


S. flexneri 


AA-22246 






139 


S. flexneri 


AQ-7416 




+ 




115 


S. flexneri 


AA-2198I 






140 


S. flexneri 


AQ-7417 




+ 


35 


116 


S. flexneri 


AA-22097 






141 


S. flexneri 


AQ-7418 


+ 




117 


S. flexneri 


AQ-7347 






142 


S. flexneri 


AQ-7423 


+ 


+ 




118 


S, flexneri 


. AQ-7348 


+ 


+ 


143 


S. flexneri 


AQ-7424 






40 


119 


S. flexneri 


AQ-7351 






144 


S. flexneri 


A0-7426 








120 


S. flexneri 


AQ-7360 






145 


S. flexneri 


AQ-7427 




+ 




121 


S. flexneri 


AQ-7367 


+ 


+ 


146 


S. flexneri Manila 89-164 






45 


122 


S. flexneri 


AO-7372 


+ 


+ 


147 


S. flexneri Manila 


89-177 








123 


S. flexneri 


AQ-7378 






148 


S. flexneri Manila 


89-209 






50 


124 


S. flexneri 


AQ-7379 






149 


S. flexneri Manila 


89-210 






125 


S. flexneri 


AQ-7380 






150 


S. flexneri Mani la 


89-229 


+ 


+ 
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Table 5-4 



No 


Strains 


CH 

test* 


Primer 
5+6 ** 




S t r a 


i h s 


CH 

test* 


Fr'wer 
5+6 ** 


151 


flexneri Manila 89-230 






176 


S. boydi i 


TUMD64 


4- 


4- 


152 


flexneri Manila 89-231 




4- 


177 


S. boydi i 


TUMD65 






153 


S. f iexneri Manila 89-232 


4- 


.4- 


178 


S. boydi i 


TUMD66 


4- 


4- . 


154 


S. flexneri Manila 89-233 






179 


S. boydi i 


TUMD67 






155 


S. flexneri Manila 89-273 


4* 


4- 


180 


& boydi i 


TUMD68 






156 


S. flexneri Manila 89-328 


4- 


4* 


181 


S. boydi i 


AQ-7019 






157 


S. flexneri Manila 89-333 


4- 


4- 


182 


S, boydi i 


AQ-7020 






158 


S. f ! exne r i Man U a 89-365 


4- 


4- 


183 


S. boydi i 


AQ-7026 






159 


S. flexneri Manila 89-274 






184 


S. boydi i 


AQ-7032 


4- 


4- 


160 


S. flexneri Manila 89-436 






185 


S. boydi i 


AQ-7039 


4- 


4- 


161 


S. flexneri Manila 89-438 


4- 


4- 


186 


S. boydi i 


AQ-7042 


4- 


4- 


162 


S. flexneri Manila 89-443 


4- 


4- 


187 


S. boydi i 


AQ-7062 


4- 


4- 


163 


S. flexneri Manila 89-444 


4- 


4- 


188 


S. boydi i 


AQ-7076 






164 


S. flexneri Manila 89-450 


4- 


4- 


189 


S. boydi I 


AO-7098 


4- 


4- 


165 


S. flexneri Manila 89-480 


4- 


4- 


190 


S. boydi i 


A0-7157 


4- 


4- 


166 


S- flexneri Manila 89-483 






191 


S. boydi i 


AQ-7193 






167 


S. flexneri Manila 89-486 






192 


S. boydi i 


AQ-7206 






168 


S. flexneri Manila 89-498 






193 


S. boydi i 


AO-7213 


4- 


4- 


169 


S. flexneri Manila 89-499 






194 


S. boydi i 


AQ-7218 


4- 


4- 


170 


S. flexneri Manila 89-503 






195 


S. boydi i 


AQ-7238 


4- 


4- 


171 


S. flexneri Manila 89-509 






196 


S. boydi i 


AQ-7267 






172 


S. flexneri Manila 89-532 






197 


S. boydi i 


AQ-7268 


4- 


4- 


173 


S. flexneri Manila 89-539 






198 


S. boydi i 


AQ-7307 


+ 


4- 


174 


S. boydi i TUMD62 






, 199 


S. boydi i 


AQ-7313 






175 


S. boydi i TUMD63 


4- 


4- 


200 


S. boydi i 


A0-7314 
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Table 5-5 



No 


Strains 


CH 

test * 


Primer 


No 


Strains 


CH 

test* 


Printer 
5+6 *• 


201 


S. boydii 


AQ-7324 






t£0 


S. sonne i 


AQ-7382 






202 


S. boydii 


AQ-7349 




1 
1 


997 


S. sonnei 


AQ-7383 






203 


boydii 


-AQ-7354 








S. sonnei 


AQ-7384 






204 


S. boydii 


AQ-7356 






CCxJ 


S. sonnei 


AQ-7387 






205 


S. boydii 


AQ-7357 


+ 


4* 


230 


S. sonnei 


AQ-7388 


i 

-r 


4- 


206 


S. boydii 


AQ-7368 


4- 


4* 


9<U 


S. sonnei 


AQ-7389 


4- 


4- 


207 


S. boydii 


AQ-7373 


4- 


4- 




S. sonnei 


AQ-7392 


4- 


4- 


208 


S. boydii 


AQ-7376 






Coo 


S. sonnei 


AQ-7395 






209 


S. boydii 


AQ-7405 


4. 


4. 
i 




S. sonnei 


AQ-7396 






210 


S. boydii 


AA-22562 




i, 


COO 


S. sonnei 


AQ-7397 


+ 


4- 


211 


S. boydii 


AA-22241 






COO 


S. sonnei 


AQ-740I 


+ 


4- 


212 


S. boydii 


AA-22610 






COl 


S. sonnei 


AQ-7406 




4- 


213 


S. boydii 


AA-20255 


■4- 

V 




90Q 
COO 


S. sonnei 


AQ-7409 






214 


S. boydii 


AA-20211 


-|- 


4* 


93Q 

toy 


S, sonnei 


A0-7410 






215 


S. boydii 


AA-21713 






9j*A 
ch\j 


S. sonnei 


AO-7412 






216 


S. boydi i 


AA-17405 






cM 


S. sonnei 


AQ-7413 


4- 


4- 


217 


S. boydii 


AA-22804 






IM 


S. sonnei 


AQ-7414 






218 


S. boyd i i 


AQ-7297 


r 




040 


S. sonnei 


AQ-7415 






219 


S. sonne i 


AO-7366 






l\\ 


S. sonnei 


AQ-7419 


+ 


+ 


220 


S. sonnei 


AQ-7369 




4- 


245 


S. sonne i 


AQ-7420 






221 


S, sonne i 


AQ-7371 






246 


S. sonnei 


AQ-7421 


4- 


4- 


222 


S. sonne i 


AQ-7374 






247 


S, sonnei 


AQ-7422 




4- 


223 


S. sonnet 


AQ-7375 


+ 


4- 


248 


S. sonnei 


AQ-7425 






224 


S. sonnei 


AQ-7377 


+ 


4- 


249 


S. sonnei 


AA-22634 


+ 


+ 


225 


S. sonne i 


AQ-7381 






250 


S. sonnei 


AA-22677 


4- 


+ 
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Table 5-6 



No 


Strains 


CH 

test* 


Primer 
5+6 


No 


S t r a 


i AS 


CR 

test* 


Primer 
5+6 ** 


251 


S. sonne i 


AA-18306 






276 


S. sonnei 


TUMD91 






252 


S. sonnet 


AA-22067 






277 


S. sonnei 


TUMD92 


+ 


+ 


253 


S. sonnet 


AA-22870 






278 


S. sonnei 


TUMD93 


+ 




254 


S. sonne i 


TUMD69 


+ 




279 


S, sonnei 


TUMD94 




+ 


255 


S. sonne i 


TUMD70 






280 


S. sonnei 


TUMD95 






256 


S. sonne i 


TUMD71 






281 


S. sonnei 


TUMD96 






257 


& sonnet 


TUMD72 






282 


S. sonnei 


TUMD97 






258 


S. sonne i 


TUMD73 




+ 


283 


S. sonnet 


TUMD98 






259 


S. sonnet 


TUMD74 






284 


S. sonnet 


TUMD99 






260 


S, sonnet 


TUMD75 






285 


S. sonnei 


TUMD100 






261 


S. sonnet 


TUMD76 






286 


S. sonnei 


TUMD101 






262 


S. sonnei 


TUMD77 






287 


S. sonnei 


TtMD102 


+ 


+ 


263 


S. sonnet 


TUMD78 




+ 


288 


S. sonne i 


TUMD103 


+ 


+ 


264 


S. sonnei 


TUMD79 






289 


S. sonnet 


TUWD104 


+ 




265 


S. sonnei 


TUMD80 






290 


S. sonnei 


T0MD105 


+ 


+ 


266 


S. sonnet 


TUMD81 




+ 


291 


S. sonnei 


TUMD106 






267 


S, sonnei 


TUMD82 






292 


S. sonnei 


TUMD107 


+' 


+ 


268 


S. sonnei 


TUMD83 






293 


S, sonnei 


TUMI) 108 






269 


S. sonnei 


TUMD84 






294 


S. sonnei 


TUMD109 




+ 


270 


S. sonnei 


TUMD85 






295 


S. sonnet 


TUMD110 






271 


S, sonnei 


TUMD86 






296 


S. sonnei 


TUMDlli 




+ 


272 


S. sonnei 


TUMD87 






297 


S. sonnei 


TUMD112 






273 


S. sonnei 


TUMD88 






298 


S. sonnei 


TUMD113 


+ 




274 


S. sonnei 


TUMD89 






299 


S. sonnei 


TUMD114 


+ 


+ 


275 


S. sonnei 


TUMD90 


+ 




200 


S. sonnei 


TUMD115 
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Table 5-7 





No 


Strains 


CH 


Primer 


No 


Strains 


CH 


Primer 


5 








tesf 


5+6 ** 








tesf 


5+6 




301 


S. sonne i 


TliMUllD 






326 


fc, CO 11 


AAOA1 1 

AQ8011 


+ 






302 


S, sonne i 


JlMullt 




— 


327 


fc. CO 1 1 


a no At 0 


+ . 




10 


303 


S. sonnet 




+ 


+ 


328 


b* con 


aaqai 0 

AQ8013 




— 




304 


S. sonne i 


TUMD119 






329 


t. col 1 


M AAA * /% 

AQ8016 


+ 


+ 




305 


S. sonnei 


TUMD120 






330 


b. co 1 1 


AQ8019 




4. 


15 


306 


S. sonne i 


Tt tiff* 101 






331 


D. COI I 




-f- 


+ 




307 


S. sonne i 




■ 




332 


b. CO it 


AW8024 




— 


20 


308 


S. sonne i 


Tt Bin t no 






333 


C. CO! 1 


AQ8025 


+ 






309 


S. sonne i 


TIM) 124 






334 


b. CO 1 1 


AQ8027 




— 




310 


S. sonne i 


TUMDI25 


— 


— 


335 


E. coli 


AQ8028 


+ 


+ 


25 


311 


S. sonne i 


TUMDI26 


+ 




336 


B. col i 


AQ8029 


+ 


+ 




312 


S. sonne i 


TUMD127 


— 




337 


E. coli 


AQ8031 


+ 


-t- 




313 


S. sonnei 


TUMD128 


— 




338 


E. coli 


A08033 


— 


- 


30 


314 


S. sonnei 


Maramba 89-154 


+ 


+ 


339 


E. coM 


AQ8036 


- 


- 




315 


S. sonnei 


Maramba 89-161 


— 




340 


E. coli 


AQ8044 


+ 


+ 




316 


S. sonnei 


Manila 89-342 






341 


E. coli 


PE660 




+ 


35 






















317 


S. sonnei 


Manila 89-445 




+ 














318 


B. coil 


DMR 6 




+ 








40 


319 


b. colt 
















320 


E. coli 


DMR79 














321 


E. coli 


AQ8001 














45 


322 


E. coli 


AQ80O3 


+ 


+ 












323 


E, co I i 


AQ80O4 
















324 


E. coli 


AQ8008 


+ 


+ 










50 


325 


E. coli 


AQ8010 


+ 













55 [Experiment 2} 

To determine whether the results obtained in Experiment 1 are specific to the invE gene, DNAs of 
clinically important pathogenic bacteria other than Shigella species and EIEC are examined with the 
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primers of the present invention. The same procedure as used in Experiment 1 is followed, except for the 
procedure of preparation of specimens. 

Preparation of specimens 

5 

Each strain listed in Table 6 is treated in the same manner as in Experiment 2 of Example 1 . 
Results 

10 Table 6 shows the results of the test using the combination of primers of the present invention. This 
combination of primers does not amplify any DNAs of pathogenic bacteria other than Shigella species and 
EIEC. It can therefore be concluded that the oligonucleotide primers of the present invention selectively 
react with DNAs of the bacteria having the invE gene. 
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Table 6 





No 


Strains 


PCR 


No 


Strains 


PCR 


5 


01 


Bacilfus cereus 


ATCC14579 




21 


Klebsiella pneumoniae 


JCM1662 






02 


Bacillus Subtilis 


JCM1465 




22 


Proteus vulgaris 


JCM1668 


— 




03 


Staphylococcus 
aureus 


JCM2413 


- 


23 


Citrobacter freundii 


A TOC3o128 


- 


10 


04 


Staphylococcus 
epidermidis 


JCM2414 


- 


24 


Streptococcus pyogenes 


ATCC12344 


- 




05 


Salmonella 
typhimurium 


IF012529 




25 


Streptococcus pneumoniae 


ATCC33400 




15 


06 


Salmonella 
enteritidis 


IF03163 




26 


Elaemophilis influenzae 


ATCC33391 






07 


Clostridium 
perfringens 


ATCC12917 




27 


Proteus rnirabilis 


ATCC29906 




20 


08 


Vibrio cholerae 


ATCC25872 


- 


28 


Neisseria meningitidis 


ATCC13077 


- 




09 


Vibrio cholerae 
type Ogawa 


ATCC9458 


- 


29 


Neisseria gonorthoeae 


ATCC19424 


- 


25 


10 


Vibrio cholerae 
type Inaba 


ATCC9459 


- 


30 


Listeria monocytogenes 


ATCC15313 


- 




11 


Vibrio fluvialis 


JCM3752 


- 


31 


Lactobacillus acidophilus 


JCM1132 


- 


30 


12 


Campylobacter 
jejuni 


JCM2013 




32 


Bifidobacterium adolescentis 


JCM1275 




13 


Campylobacter coli 


JCM2529 


- 


33 


Fusobacterium nucleatum 


ATCC25586 


- 




14 


Escherichia coli 


JCM1649 


- 


34 


Propionibacterium acnes 


ATCC6919 




35 


15 


Yersinia 
enterocolitica 


ATCC9610 




35 


Veillonella atypica 


ATCC17744 






16 


Corynebacterium 
diphtheriae 


JCM13 




36 


Pseudomonas aeruginosa 


IF012689 




40 


17 


Peptostreptococcus 
anaerobius 


ATCC273 




37 


Human placental 


DNA 






18 


Bacteroides flagilis 


ATCC23745 














19 


Bacterordes 
vulgatus 


JCM5826 












45 


20 


Enterococcus 
faecalis 


JCM5803 













so Example 4: Detection of Salmonella species having the araC gene 
[Experiment 1] 
Preparation of specimens 

55 

As listed in Tables 7-1 to 7-6, the 133 various Salmonella species isolated from the patients and food 
samples are used. The details are as follows: 67 strains of Salmonella typhimurium, 1 of Salmonella 
havana, 2 of Salmonella oranienburg, 3 of Salmonella london, 3 of Salmonella senftenberg, 4 of 
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Salmonella bfocktey, 3 of Salmonella agona, 4 of Salmonelfa fnfantis, 14 of Salmonella fitch fie Id, 6 of 
Salmonella enteritidis, 13 of Salmonella thompson, 6 of Samonella paratyphi B, 2 of Salmonella 
Montevideo, 1 of Salmonella gallinarum, 1 of Salmonella choleraesuis, 1 of Salmonella derby, 1 of 
Salmonella give and 1 of Salmonella heidefberg. Each strain is inoculated to an appropriate medium, and 
subjected to overnight culture at 37 'C under aerobic conditions. Each culture broth is diluted with TE 
buffer, and heated at 95 °C for 10 minutes, followed by centrifugation. The supernatants are used as 
specimens. 

Synthesis of primers 

As primers for amplifying the araC gene of Salmonella typhimurium, the above-described 
oligonucleotides SEQ ID NO:7 to SEQ ID NO:1 1 are selected based upon the known base sequence of the 
araO gene [Horwitz, A. H., et al., Gene 14, 309-319(1981); Clarke, P., et al., Gene 18, 157-163(1982); Lee, J. 
-H., et aL, Gene 46, 113-121 (1986)], and chemically synthesized by the same method as in Experiment 1 
of Example 1 . 

PGR 



PGR is carried out under the same reaction conditions as in Example 1 except that any one of the 
following oligonucleotide combinations is used: 

Primer (1) + primer (2) = Oligonucleotide SEG ID NO:7 + Oligonucleotide SEG ID NO:8; 
Oligonucleotide SEG ID NO:9 + Oligonucleotide SEG ID NO:10; and 
Oligonucleotide SEQ ID NO:1 1 + Oligonucleotide SEQ ID NO:8. 



Detection 

Agarose gel electrophoresis 

The same procedure as in Example 1 is followed. 
Results 

The base sequence of the araC gene of Salmonella typhimurlum has already been determined. This 
base sequence is thought to be common to all Salmonella species. The length of the nucleotide fragments 
amplified by PCR using the oligonucleotides of the present invention as primers can easily be estimated. 
Specifically, when oligonucleotides SEQ ID NO: 7 and SEQ ID NO: 8 of the present invention are used in 
combination, a nucleotide fragment of 361 bases (or a nucleotide duplex of 361 base pairs) is amplified. 
Similarly, the combination of SEQ ID NO: 9 and SEQ ID NO:10, and that of SEQ ID NO:11 and SEQ ID 
NO:8 amplify nucleotide fragment of 493 bases and that of 334 bases, respectively. When these estimations 
accord with the length of the amplified nucleotide fragments, it is judged that PGR using the combination of 
primers accurately amplifies the target region in the araC gene, and that the bacterial strain in the specimen 
has the araG gene. Tables 7-1 to 7-6 shows the results of the detection of the araC gene in Salmonella 
species. As obvious from Tables 7-1 to 7-6, the araC gene of Salmonella species are detected with high 
accuracy by using the oligonucleotide primers of the present invention. 
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Table 7 - 1 



Nn 


o i r a i n s 


Combination of primers* 


7 + 8** 


9 +10** 


11+8** 


001 


Salmonella typhimurium 56- 1 


+ 


+ 


+ 


002 


Salmonella typhimurium 56- 2 


+ 


+ 


+ 


003 


Salmonella typhimurium 56- 3 


+ 


+ 


+ 


004 


Salmonella typhimurium 56- 4 


+ 


+ . 


+ 


005 


Salmonella typhimurium 56- 5 


+ 


+ 


+ 


006 


Salmonella typhimurium 56- 6 


+ 


+ 


+ 


007 


Salmonella typhimurium 56- 7 


+ 


+ 


+ 


008 


Salmonella typhimurium 56-11 


+ 


+ 


+ 


009 


Salmonella typhimurium 56-12 


+ 


+ 


+ 


010 


Salmonella typhimurium 56-13 


+ 


+ 


+ 


Oil 


Salmonella typhimurium 56-17 


+ 


+ 


+ 


012 


Salmonella typhimurium 56-18 


+ 


+ 


+ 


013 


Salmonella typhimurium 56-19 


+ 


+ 


+ 


014 


Salmonella typhimurium 56-20 


+ 


+ 


+ 


015 


Salmonella typhimurium 56-21 


+ 


+ 


+ 


016 


Salmonella typhimurium 56-22 


+ 


+ 


+ 


017 


Salmonella typhimurium 56-23 


+ 


+ 


+ 


018 


Salmonella typhimurium 56-25 


+ 


+ 


+ 


019 


Salmonella typhimurium 56-26 


+ 


+ 


+ 


020 


Salmonella typhimurium 56-27 


+ 


+ 


+ 


021 


Salmonella typhimurium 56-30 


+ 


+ 


+ 


022 


Salmonella typhimurium 56-31 


+ 


+ 


+ 


023 


Salmonella typhimurium 56-32 


+ 


+ 


+ 


024 


Salmonella typhimurium 57- 3 


+ 


+ 


+ 


025 


Salmonella typhimurium 57- 4 


+ 


+ 


+ 
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Table 7-2 



No 


Strains 


Combination of primers* 


7 4-8** 


9 4-10** 


11+8** 


026 


Salmonella typhimurium 57* 5 


4- 




+ 


027 


Salmonella typhirour ium 57- 6 


+ 


+ 


4- 


028 


Salmonella typhimurium 57- 7 


4- 


4- 


4- 


029 


Salmonella typhimurium 57- 9 


4- 


4- 


4- 


030 


Salmonella typhimurium 57-10 


4- 


4- 


4- 


031 


Salmonella typhimurium 57-11 


+ 


4- 


4- 


032 


Salmonella typhimurium 57-19 


4- 


4- 


4- 


033 


Salmonella typhimurium 57-20 


+ 


4- 


4- 


034 


Salmonella typhimurium 59-26 


4- 


4- 


4- 


035 


Salmonella typhimurium 59-27 


4- 


4- 


4- 


036 


Salmonella typhimurium 59-28 


4- 


4- 


4- 


037 


Salmonella typhimurium 59-54 


4- 


4- 


+ 


038 


Salmonella typhimurium 59-55 


+ 


4- 


4- 


039 


Salmonella typhimurium 59-56 


4- 


4- 


-f 


040 


Salmonella typhimurium 59-57 


4- 


4- 


4- 


041 


Salmonella typhimurium 59-58 


4- 


4- 


4- 


042 


Salmonella typhimurium 60- 5 


4- 


4- 


4- 


043 


Salmonella typhimurium 60- 6 


+ 


+ 


4* 


044 


Salmonella typhimurium 60- 7 


4- 


4- 


+ 


045 


Salmonella typhimurium 60-13 


4- 


4- 


+ 


046 


Salmonella typhimurium 61- 1 


4- 


4- 


4- 


047 


Salmonella typhimurium 61-16 


4- 


4- 


4- 


048 


Salmonella typhimurium 62- 1 


+ 


4- 


+ 


049 


Salmonella typhimurium 62- 2 


4- 


4- 


+ 


050 


Salmonella typhimurium 62- 3 


4- 


4- 


+ 
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Table 7-3 



No 


Strains 


Combination of primers* 


7 + 8** 


9 4-10** 


11+8" 


051 


Salmonella typhimurium 62- 4 


+ 


+ 


+ 


052 


Salmonella t yphimurium 62- 5 


+ 


+ 


+ 


053 


Salmonella typhimurium 62- 6 


+ 


+ 


4 


054 


Salmonella typhimurium .63- 6 


+ 


+ 


+ 


055 


Salmonella typhimurium 63- 7 


+ 




+ 


056 


Salmonella typhimurium 63- 8 


+ 


+ 


+ 


057 


Salmonella typhimurium 63- 9 


+ 


+ 


+ 


058 


Salmonella typhimurium 89- 1 


+ 


+ 


4 


059 


Salmonella typhimurium 89- 2 


+ 


+ 


+ 


060 


Salmonella typhimurium IF012529 


+ 


+ 


+ 


061 


Salmonella typhimurium IP013245 


+ 


+ 


+ 


062 


Salmonella typhimurium IF014193 


+ 


+ 


4 


063 


Salmonella typhimurium IF014194 


+ 


+ 


4 


064 


Salmonella typhimurium 1F014209 


+ 


+ 


4 


065 


Salmonella typhimurium IP014210 


+ 


+ 


4 


066 


Salmonella typhimurium IF014211 


+ 


+ 


4 


067 


Salmonella typhimurium IF0142I2 


+ 


+ 


+ 


068 


Salmonella Iitchf ield 56- 8 


+ 


+ 


4 


069 


Salmonella Iitchf ield 59-25 


+ 


+ 


4 


070 


Salmonella Iitchf ield 53-22 


+ 


+ 


4 


071 


Salmonella Iitchf ield 53-23 


+ 


+ 


4 


072 


Salmonella Iitchf ield 53-24 


+ 


+ 


+ 


073 


Salmonel la I i tchf ield 54- 5 


+ 


+ 


+ 


074 


Salmonella 1 i tchf i eld 54- 6 


+ 


+ 


4 


075 


Salmonella Iitchf ield 55- 3 


+ 


+ 


+ 
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Table 7-4 



No 


Strains 


Combination of primers* 


7 + 8 ** 


9 +10** 


11+ 8 ** 


Ann 

076 


Salmonella ntcnfieio do- 4 






+ 


077 


Salmonella litchfield 55- o 


+ 


+ 


+ 


078 


Salmonella litchfield 55- 7 


+ 


+ 




079 


Salmonella litchfield 55- 8 


+ 


+ 


+ 


080 


Salmonella litchfield 55-12 


+ 






081 


Salmonella litchfield 55-13 






+ 


082 


Salmonella thompson 61- 2 




+ 


+ 


083 


Salmonella thompson 61- 3 


+ 




+ 


084 


Salmonella thompson 61- 4 






+ 


085 


Salmonella thompson 61-17 


+ 


+ 


+ 


nor* 

086 


Salmonella thompson 61-18 




4- 


+ 


087 


Salmonella thompson 52- 3 


4* 






088 


Salmonella thompson 52- 4 


+ 


+ 


+ 


089 


Salmonella thompson 53- 5 




-f- 




090 


Salmonella thompson 53- 6 


+ 






091 


Salmonella thompson 53- 7 


+ 


+ 


+ 


092 


Salmonella thompson 53-20 


+ 


+ 


4- 


093 


Salmonella thompson 53-21 


+ 




4- 


094 


Salmonella thompson N1AH1230 


+ 


+ 


+ 


Obla 


oaimoneila enteritidis oy-ob 




-h 


4- 


096 


Salmonella enteritidis 59-37 




+ 


■f 


097 


Salmonella enteritidis 59-38 




+ 


+ 


098 


Salmonella enteritidis 53~ 1 








099 


Salmonella enteritidis 53- 2 


+ 


+ 


4- 


100 


Salmonella enteritidis IF03313 


+ 




4- 
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Table 7-5 





No 




Strains 




Combination of primers* 








7 + 8** 


9 +10** 


11+8** 




.101 


Salmonel 


la 


paratyphi B 


61-19 


+ 


+ 


+ 


to , . 


102 


Salmonel 


la paratyphi B 


61-20 


+ 


+ 


+ 


103 


Salmonel 


la 


paratyphi B 


61-21 


+ 


+ 


+ 




104 


Salmonel 


la 


paratyphi B 


63- 1 


+ 


+ 


+ 


75 


105 


Salmonel 


la 


paratyphi B 


63- 2 


+ 


+ 


+ 




-406 


Salmonel 


la 


paratyphi B 


63- 3 


+ 


+ 


+ 




107 


Salmonel 


la 


blockley 


58-55 


+ 


+ 


+ 


20 


108 


Salmonel 


la 


blockley 


58-56 


+ 


+ 


+ 




109 


Salmonel 


la 


blockley 


58-57 


+ 


+ 


+ 




110 


Salmonel 


la 


blockley 


N1AH1197 


+ 


+ 


+ 


25 


111 


Salmonel 


la 


infantis 


59-20 


+ 


+ 


+ 




112 


Salmonel 


la 


infant is 


59-21 


+ 


+ 


+ 


30 


113 


Salmonel 


la 


infantis 


59-22 


+ 


+ 


+ 


114 


Salmonel 


la 


infantis 


NIAH1218 


+ 


+ 


+ 




115 


Salmonel 


la 


agona 


59- 1 


+ 


+ 


+ 


35 


116 


Salmonel 


la 


agona 


59- 2 


+ 


+ 


+ 




117 


Salmonel 


la 


agona 


59- 3 


+ 


+ 


+ 




118 


Salmonel 


la 


london 


58- 7 


+ 


+ 


+ 


40 


119 


Salmonel 


la 


london 


58- 8 


+ 


+ 


+ 




120 


Salmonel 


la 


london 


58- 9 


+ 


+ 


+ 




121 


Salmonel 


la senftenberg 


58-27 


+ 


+ 


+ 


45 


122 


Salmonel 


la senftenberg 


58-28 


+ 


+ 


+ 




123 


Salmonel 


la senftenberg 


58-29 


+ 


+ 


+ 




124 


Salmonel 


la oranienburg 


57- 1 


+ 


+ 


+ 


50 


125 


Salmonel 


la 


oranienburg 


57- 2 


+ 


+ 


+ 
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Table 7-6 



No 


Strains 


Combination of primers* 


7 + 8** 


9 +10** 


11+8** 


126 


Salmonella montevideo 


54- 4 


+ 


+ 


+ 


127 


Salmonella montevideo 


NIAH1221 


+ 


+ 


+ 


128 


Salmonella gallinarum 


1F03163 


+ 


+ 


+ 




Salmonella choleraesuis NIAH1198 


+ 


+ 


+ 


130 


Salmonella derby 


NIAH1199 


+ 


+ 


+ 


131 


Salmonella give 


NIAH1214 


+ 


+ 


+ 


132 


Salmonella havana 


56-44 


+ 


+ 


+ 


133 


Salmonella heiderberg 


NIAH1216 


+ 


+ 


+ 



Note) * + : DNA of estimated length is amplified. 

N : DNA of not-estimated length is amplified. 
— : DNA is not amplified. 
** Numerals refer to SEQ ID NOs. 



[Experiment 2] 

To determine whether the results obtained in Experiment 1 are specific to the araC gene of Salmonella 
species, DNAs of clinically important diarrheal bacteria other than Salmonella species and other pathogenic 
bacteria are examined with the primers of the present invention, in particular, differentiation between 
Salmonella species and Cltrobacter species, which has been difficult by conventional methods, is carefully 
examined. 

The same procedure as used in Experiment 1 is followed, except for the procedure of preparation of 
specimen's. 

Preparation of specimens 

Clostridium perfringens, Campylobacter jejuni, Campylobacter coli y Bacteroides fragilis, Bac- 
teroides vulgatus, Lactobacillus acidophilus and Bifidobacterium adolescentis are cultured at 37 'C 
under anaeorbic conditions, while Neisseria gonorrhoeae and Neisseria meningitidis are cultured in the 
presence of 3-10% C0 2 . 

Human placenta DNA, at a concentration of 1 ug/ml, is subjected to PCR in the same manner as above. 
Results 

Tables 8-1 to 8-3 shows the results of the test using the combinations of the primers of the present 
invention. These combinations of primers do not amplify any DNAs of bacterial strains other than 
Salmonella species or DNAs of human placenta. It is of particular importance that the combinations of the 
primers of the present invention do not amplify any DNAs of Cltrobacter species which are closefy akin to 
and hardly differentiated from Salmonella species. It can therefore be concluded that the oligonucleotide 
primers of the present invention selectively react with the DNAs of Salmonella species, with high reliability. 
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Table 8 - 1 





No 


Strains 


Cofcbinatioa of primers* 


5 


7 + 8** 


9+10** 


11+8** 




01 


Bacillus cereus 


ATCC14579 


— 


- 


- 


.10 


02 


Bacillus subtil is 


JCM1465 


- 


- 


- 




03 


Staphylococcus aureus 


JCM2413 


- 


- 






04 


Staphylococcus epidermidis 


JCM2414 


- 


- 


— 


15 


05 


^Clostridium perfringens 


ATCC12917 


- 


- 


- 




06 


Vibrio cholerae 


ATCC25872 


- 


- 






07 


Vibrio cholerae type Ogawa 


ATCC9458 


- 




- 


20 


08 


Vibrio cholerae type Inaba 


ATCC9459 


- 


- 


- 




09 


Vibrio cholerae 


61H-151 


— 


- 


- 




10 


Vibrio parahaemolyticus 


WP-1 


— 


- 


- 




11 


Vibrio fluvial is 


JCM3752 


- 


- 


- 




12 


Campylobacter jejuni 


JCM2013 


- 


- 


- 


30 


13 


Campylobacter coli 


JCM2529 


- 


- 


- 


14 


Escherichia coli 


JCM1649 


- 


- 


- 




15 


Escherichia coli 


H10407 


- 


- 


- 


35 


16 


Escherichia colt 


WHO 3 


- 


- 


- 




IT 


Escherichia coli 


WHO 47 


— 


- 






18 


Escherichia coli 


T- 1 






- 


40 


19 


Escherichia coli 


T-40 










20 


Yersinia enterocol i t ica 


ATCC96I0 










21 


Shigella dysenteriae 


ATCC9361 








45 


22 


Shigella boydi i 


ATCC9210 










23 


Shigella flexneri 


ATCC11836 










24 


Shigel la sonnei 


ATCC9290 








50 


25 


Bacteroides flagilis 


ATCC23745 
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Table 8-2 



No 


Strains 


C&mbination of primers* 


I tU 


ft ii A* * 


Il-r 8 




Bacteroides vuigatus 


JCM582o 








97 


Proteus vulgaris 


JCM1668 








9ft 


Proteus mirabilis 


ATCC29906 








9Q 


Streptococcus pyogenes 


ATCC 12344 








9A 
OU 


Streptococcus pneumoniae 


ATCC33400 








91 
ol 


Heamophilis influenzae 


ATCC33391 








99 


Klebsiella pneumoniae 


JCM1662 








99 
OO 


Neisseria gonorrbeae 


ATCC19424 








04 


Neisseria meningitidis 


ATCC13077 








9^ 


Listeria monocytogenes 


ATCC15313 








9£ 


Lactobacillus acidophilus 


JCM1132 








97 
Ol 


Bifidobacterium adotescentis 


JCM1275 








on 
OO 


Fusobacteriura nucleatum 


ATCC25586 










Propionibacterium acnes 


ATCC6919 








40 


Veil lone! la atypica 


ATCC17744 








41 


Pseudomonas aeruginosa 


IF012689 








AO 
4£ 


Corynebacterium diphtheriae 


JCM1310 








40 


Peptostreptococcus anaerobius 


A TP P0700T 










Citrobacter freundii 


ATCC6750 









45 


Citrobacter freundii 


ATCC6879 








46 


Citrobacter freundii 


ATCC8090 








47 


Citrobacter freundii 


ATCC8454 








48 


Citrobacter freundii 


ATCC10053 








49 


Citrobacter freundii 


ATCC10625 








50 


Citrobacter freundii 


ATCC10787 
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Table 8-3 





No 


Strains 


Combination of primers" 


5 


7 + 8" 


9 +10** 


11+8" 




51 


Citrobacter freundii 


ATCC11102 






— 


70 


52 


Citrobacter freundii 


ATCC11811 






— — 




53 


Citrobacter freundii 


ATCC29063 




— 


- — 


75 


54 


Citrobacter freundi i 


ATCC29219 




— - 


— 


55 


Citrobacter freundii 


ATCC29220 




— 


— 




56 


Citrobacter freundii 


ATCC29221 




— 


— 


20 


57 


Citrobacter freundii 


ATCC29222 


— 


— 


— 




58 


Citrobacter freundii 


ATCC29935 


— 


— 


— 


25 


59 


Citrobacter freundii 


ATCC33128 


— 


— 


— 




60 


Citrobacter amalonaticus 


ATCC25405 


_ 


' — 


— 


30 


64 


Citrobacter amalonaticus 


ATCC25406 




. — 


— 


64 


Citrobacter amalonaticus 


ATCC25407 










DD 


Citrobacter diversus 


ATCC27156 








35 


65 


Citrobacter diversus 


ATCC29223 










65 


Citrobacter diversus 


ATCC29224 








40 


66 


Citrobacter diversus 


ATCC29225 










67 


Citrobacter diversus 


ATCC29936 









Note) * + : DNA of estimated length is amplified. 

N : DNA of not-estimated length is amplified. 
- : DNA is not amplified. 
** Numerals refer to SEQ ID NOs. 
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Example 5: Detection of EHEC (VTEC) having the VT1 gene 
[Experiment 1] 
Pr eparation of specimens 

The same procedure as used in Example 1 is followed except that 320 strains of EHEC (VTEC) strains. 
Synthesis of primers 

As primers for amplifying the VT1 gene of EHEC (VTEC), the above-described oligonucleotides SEQ ID 
N0:12 and SEQ ID NO:13 are selected based upon the known base sequence of the VT1 gene [Takao T., 
et al., Microb, Pathog,, 5, 357-369(1988)]. These oligonucleotides are chemically synthesized by the same 
method as in Experiment 1 of Example 1. 

PCR 

PCR is carried out under the same reaction conditions as in Example 1 except that the following 
oligonucleotide combination is used: 

Primer (1) + primer (2) = Oligonucleotide SEQ ID NO:t2 + Oligonucleotide SEQ ID NO:13 
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Detection 

Agarose get electrophoresis 

5 

The same procedure as tn Example 1 is followed. 
Colony hybridiz ation test 

10 A colony hybridization test is carried out using an oligonucleotide probe specific to the VT1 gene and 
that specific to the VT2 gene according to the procedure described by Grunstein [Grunstein, M. and 
Hogness, D., Proc. Natl. Acad. Sci., 72, 3961(1975)]. 

Results 

75 

The base sequence of the VT1 gene of EHEC(VTEC) has already been determined. Therefore, the 
length of the nucleotide fragments amplified by PCR using the oligonucleotides of the present invention as 
primers can easily be estimated. Specifically, when the oligonucleotides SEQ ID N0:12 and SEQ ID NO:13 
of the present invention are used in combination, a nucleotide fragment of 349 bases (or a nucleotide 

20 duplex of 349 base pairs) should be amplified. When this estimation accords with the length of the amplified 
nucleotide fragment, it is judged that PCR using the combination of primers accurately amplifies the target 
region in the VT1 gene, and that the bacterial strain in the specimen has the VT1 gene. The results 
obtained from the agarose gel electrophoresis and from the colony hybridization test for 320 test strains are 
given in Table 9. Table 9 shows that PCR using the primers of the present invention amplifies only DNAs of 

25 the strains which give a positive result for the VT1 gene in the colony hybridization test, and that it does not 
amplify the DNA of the VT1 negative strains. This indicates that PCR using the primers of the present 
invention is capable of accurately amplifying the VT1 gene and that EHEC(VTEC) having the VT1 gene can 
be detected with high accuracy by using the oligonucleotides of the present invention. 

30 Table 9 



Accuracy of the primers 




Results of colony hybridization test 


Positive for 
VT1 gene 


Positive for VT2 gene 


Positive for both VT1 
and VT2 genes 


Negative for both 
VT1 and VT2 genes 


Results of PCR 


Positive 


39 


0 


53 


0 


Negative 


0 


185 


0 


43 



[Experiment 2] 

45 To determine whether the results obtained in Experiment 1 are specific to EHEC (VTEC) having the 
VT1 gene, the DNAs of clinically important pathogenic bacteria other than EHEC (VTEC) are examined with 
the primers of the present invention. The same procedure as used in Experiment 1 is followed, except for 
the procedure of preparation of specimens. 

50 Preparation of specimens 

Each strain listed in Table 10 is treated in the same manner as in Experiment 2 of Example 1. Among 
strains listed in Table 10, the following strains are cultured under anaerobic conditions: Clostridium 
perfringens, Campylobacter jejuni, Bacteroides fragiiis, Bacteroides vulgatus and Lactobacillus aci- 
55 dophiius. 
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Results 

Table 10 shows the results from the test using the combinations of primers of the present invention. 
Although the combinations of primers do not amplify DNAs of any other strains than EHEC(VTEC) except 
5 for a certain type of Shigella species (Shigella dysenteriae type i>. 

It is well known that the differentiation between EHEC (VTEC) and Shigella dysenteriae is impossible 
because Shigella dysenteriae has the VT1 gene, tt can therefore be concluded that the oligonucleotide 
primers of the present invention selectively react with the DNAs of the bacteria having the VT1 gene. 

70 



75 



20 



25 



30 



35 



40 



45 



50 
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Table 10. Reactivity with un-targeted gene 



No 


Strains 


Combination of primers 


12+13* 


14 + 15' 


16+18* 


174-18* 


1 


Bacillus cereus 


ATCC 14579 




— 






2 


B subtil is 


JCM 1465 


— 


— 


— 


— 


3 


Staohvlococcus aureus 


JCM 2413 




— 




— 


4 


S. epidermidis 


JCM 2414 


* — 


— 




— 


5 


Salmonella fvnhinmritim 

U M I UIKJ lit J I U L J pit IIUU t I U 111 


IFO 12529 

1 I Cr x Cj\)C*0 


— 


— 




— 


6 


S en tpr i t i & t <i 


IFO 31 63 


— ■ 


— 


— 


— 


7 


ulUill lUiUUI pet il I1I5CI10 


ATPP I9Q17 


— 


— 


— 


- 


8 


V i hr i A f 1 itu i a 1 t c 
VlLFttU 1 1 uv la 1 to 


1PM ^7R9 

J 0 1 Oct 


— 


— 


— 




9 


Paronv ? Ahart pr tpttmt 

uaitifj luuatlCi jejuni 


ipm 20 n 


— 


— 


— 


- 


10 


C. CO 1 i 


IPM 959Q 




— 


— 


- 


11 


pQrfiPt* J fh i a f*A 1 i 
"v>tiici iLJiia tui 1 


IPM lfiiQ 


— 


— 


— 


- 


12 


ici 01 ii la ciuci Uvv l i 1 1 la , 


ATPP QfitO 




— 




- 


13 


Shicplfa dv^pnfprtflp 

ijll iftv I Id UjOGifLCl lav 


ATCC Q3R1 

A 1 wv t/Ou X 


+ 








14 


S flexneri 




— 


— 


— 




15 


Q ennnpt 

lj. O Willi ^ Jt 


atcc PQcnn 




— 


— 




16 


RafM p ro. i dp<: fracilt^ 

Uut/ltl UlUCO i I Q5 i 1 I O 


ATPP 93745 


— 


— 


— 


— 


17 


R vii ! pa t ti^ 

U. vu igaLUo 


IPM Wfi 


— 


— 


— 


- 


18 


Rn t prnrnrrn<! faprali^ 

oitic* utuLLu j 1 acta 1 1 a 


JCM 5R03 


— 


— 


— 


- 


19 


Kl'ph^ipflfl nnpnmnniftp 

ivivL/o iti la xiicuuiwtJ lac 


ICM Ififi? 


— 




— 


- 


20 


Protptt*! vitlparic 

1 1 ulCUo Vulval lo 




— 


— 


— 


— 


21 


Crtrnhartpr frpitndii 


A TCP 33128 

Ai vw OOI£0 




— 


— 


- 


22 


Q t rpn t nrnrrm: nvnopnp^ 


ATPP t9344 


— 


— 


— 


— 


23 


Q nn p ttrrvrvn i a 0 
0. pucuwuii 1 ac 


ATPP 


— 


— 


— 


- 


24 




ATPP ^*}QQt 






— 


- 


25 


it UlcUo UillaUllio 


ATPP 9QGA£ 


— 


— 


— 


— 


26 


Neisseria gonorrhoeae 


ATCC 19424 


- 








27 


N. meningitidis 


ATCC 13077 


— 




— 


— 


28 


Listeria monocytogenes 


ATCC 15313 










29 


Lactobacillus acidophilus 


JCM 1132 










30 


Bifidobacterium adolescentis 


JCM 1275 










31 


Fusobacterium nucieatum 


ATCC 2558 










32 


PropionibacteriuiQ acnes 


ATCC 6919 










33 


Veillonella atypica 


ATCC 17744 










34 


Pseudomonas aeruginosa 


IPO 12689 










35 


Corynebacterium diphtheriae 


JCM 1310 










36 


Peptoslreptococcus anaerobius 


ATCC 27337 










37 


Vibrio cholerae 


ATCC 25872 










38 


V. cholerae type Ogawa 


ATCC 9458 










39 


V. chalerae type Inaba 


ATCC 9459 











Note) * Numerals refer to SEO ID NOs. 
so tt + : reactive 

- : nonreactive 
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Exampfe 6: Detection of EHEC (VTEC) having the VT2 gene 
[Experiment 1] 
Preparation of specimens 

The same procedure as used in Experiment 1 of Example 5 is followed. 
Synthesis of primers 

As primers for amplifying the VT2 gene of EHEC (VTEC) strains, the above-described oligonucleotides 
SEQ ID MO:14 and SEQ ID N0:15 are selected based upon the known base sequence of the VT2 gene 
[Jackson, MP., et aL FEMS Microbio. Lett., 44, 109-114(1987)]. These oligonucleotides are chemically 
synthesized by the same method as in Example 1 . 

PGR 



PGR is carried out under the same reaction conditions as in Example 1 except that the following 
oligonucleotide combination is used: 

Primer (1) + primer (2) = Oligonucleotide SEQ ID NO:14 + Oligonucleotide SEQ ID N0:15 



Detection 

Agarose gel electrophoresis 

The same procedure as in Example 1 is f of lowed. 
Colony hybridization test 

The same procedure as in Experiment 1 of Example 5 is followed. 
Results 

The base sequence of the VT2 gene of EHEC(VTEC) has already been determined. Therefore, the 
length of the nucleotide fragments amplified by PGR using the oligonucleotides of the present invention as 
primers can easily be estimated. Specifically, when oligonucleotides SEQ ID NO:14 and SEQ ID NO:15 of 
the present invention are used in combination, a nucleotide fragment of 404 bases (or a nucleotide duplex 
of 404 base pairs) should be amplified. When this estimation accords with the length of the amplified 
nucleotide fragment, it is judged that PGR using the combination of primers accurately amplifies the target 
region in the VT2 gene, and that the bacterial strain in the specimen has the VT2 gene. The results 
obtained from the agarose gel electrophoresis with 320 test strains and from the colony hybridization test 
are given in Table 11. PCR using the primers of the present invention amplifies only DNAs of the strains 
which give a result positive for the VT2 gene in the colony hybridization test, showing no amplification of 
the DNA of the VT2 negative strains. This indicates that PCR using the primers of the present invention is 
capable of accurately amplifying the VT2 gene and that EHEC(VTEC) having the VT2 gene can be detected 
with high accuracy by using the oligonucleotides of the present invention. 
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Table 1 1 



Accuracy of the primers 




Results of colony hybridization test 


Positive for 
VT1 gene 


Positive for VT2 gene 


Positive for both VT1 
and VT2 genes 


Negative for both 
VT1 and VT2 genes 


Results of PCR 


Positive 


0 


185 


53 


0 


Negative 


39 


0 


0 


* 43 



[Experiment 2] 

75 

To determine whether the results obtained in Experiment 1 are specific to EHEC (VTEC) having the 
VT2 gene, the DNAs of clinically important pathogenic bacteria other than EHEC (VTEC) are examined with 
the primers of the ^present invention. The same procedure as used in Experiment 2 of Example 5 is 
followed. 

20 

Results 

Table 10 shows the results of the test using the combinations of primers of the present invention. All 
the combinations of primers in Table 10 do not amplify the DNAs of pathogenic bacteria other than EHEC 
25 (VTEC). It can therefore be concluded that the oligonucleotide primers of the present invention selectively 
react with the DNAs of the bacteria having the VT2 gene. 

Example 7: Detection of EHEC (VTEC) having the VT1 gene, the VT2 gene or a variant gene of the VT2 
gene 

30 

[Experiment 1] 
Preparation of specimens 
35 The same procedure as used in Experiment 1 of Example 1 is followed. 
Synthesis of primers 

As primers for amplifying the VT1 gene, the VT2 gene or a variant gene of VT2 (VT2vha, VT2vhb or 
40 VT2vp1), the above-described oligonucleotides SEQ ID NO:16, SEQ ID NO:17 and SEQ ID NO:18 are 
selected. These oligonucleotides are chemically synthesized by the same method as in Experiment 1 of 
Example 1. 

PCR 

45 

PCR is carried out under the same reaction conditions as in Example 1 except that any one of the 
following oligonucleotide combinations is used: 

Primer (1) + primer (2) = Oligonucleotide SEQ ID NO:16 + Oligonucleotide SEQ ID NO:18; and 
so Oligonucleotide SEQ ID NO:17 + Oligonucleotide SEQ ID NO:18. 



55 
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Detection 

Agarose get electrophoresis 

5 

The same procedure as in Experiment 1 of Example 1 is followed. 
Colony hybridization test 
10 The same procedures as in Experiment 1 of Example 1 are followed. 
Results 

The base sequences of the VT1 gene, the VT2 gene, the VT2vha gene, the VT2vhb gene and the 
15 VT2vp1 gene of EHEC(VTEC) have already been determined. Therefore, the length of the nucleotide 
fragments amplified by PCR using the oligonucleotides of the present invention as primers can easily be 
estimated. Specifically, when the oligonucleotides SEQ ID NO:16 and SEQ ID NO:18 of the present 
invention are used in combination, a nucleotide fragment of 495 bases (or a nucleotide duplex of 495 base 
pairs) should be amplified. When this estimation accords with the length of the amplified nucleotide 
20 fragment, it is judged that PCR using the combination of primers accurately amplifies the target region in 
the VT1 gene, the VT2 gene, the VT2vha gene, the VT2vhb gene or the VT2vpl gene, and that some 
bacterial strains in the specimen have any one of these genes. The results obtained from the agarose gel 
electrophoresis and from the colony hybridization test with 320 test strains are given in Table 12. PCR 
using the primers of the present invention amplifies only DNA of the strains which give the positive result 
25 for the VT1 gene or the VT2 gene, showing no amplification of the DNA of the strains negative for these 
genes. This indicates that PCR using the primers of the present invention is capable of accurately 
amplifying the VT1 gene or the VT2 gene (including its variant genes) and that EHEC(VTEC) having the 
VT1 gene or the VT2 gene or the both can be detected with high accuracy by using the oligonucleotides of 
the present invention. 

30 

Table 12 



Accuracy of the primers 










Results of colony hybridization test 










Positive for VT1 
or VT2 gene 


Negative for both VT1 
and VT2 genes 


Results of PCR 


Combination of primers 


16+18* 


Positive 


277 


0 








Negative 


0 


43 






17+18* 


Positive 


277 


0 








Negative 


0 


43 


Note) 

* Numerals refer to SEQ ID NOs. 



[Experiment 2] 

To determine whether the results obtained in Experiment 1 are specific to EHEC (VTEC) having the 
VT1 gene or the VT2 gene, DNAs of clinically important pathogenic bacteria other than EHEC (VTEC) are 
examined with the primers of the present invention. The same procedure as used in Experiment 2 of 
Example 5 is followed. 
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Results 

Table 10 shows the results from the test using the combinations of the primers of the present invention. 
PCR using the combinations of the primers does not amplify DNAs of any other strains than EH EC (VTEC) 
5 except for the DNA of a certain type of Shigella species (Shigella cfysenteriae type I). 

it is well known that differentiation between EHEC (VTEC) and Shigella cfysenteriae is impossible only 
by detecting the VT1 gene because not only EHEC (VTEC) but also Shigella cfysenteriae has the VT1 
gene. It can therefore be concluded that the oligonucleotide primers of the present invention selectively 
react with the DNAs of the bacteria having the VT1 gene or the VT2 gene. 

Example 8: Detection of Staphylococcus aureus having the TSST-1 gene 

[Experiment 1] 

15 Preparation of specimens 

A total of 343 strains of Staphylococcus aureus are used. These strains are derived from food 
poisoning cases and the environment, and isolated from sources such as diarrheal stool, vomit and food. 
Each strain is inoculated to a brain heart infusion medium (manufactured by BBL Co., Ltd.), and subjected 
20 to overnight shaking culture at 37 • C under aerobic conditions. Each culture broth is diluted 10 folds with TE 
buffer, and heated at 95 °C for 5 minutes, followed by centrifugation at 5000 rpm for 1 minute; the 
supernatants are used as specimens. 

Synthesis of primers 

25 

As primers for amplifying the TSST-1 gene of Staphylococcus aureus, the above-described 
oligonucleotides SEQ ID NO:19 to SEQ ID NO:22 are selected based upon the known base sequences of 
the TSST-1 gene of Staphylococcus aureus [Blomster-Hautamaa et al. r J. Biol, chem., 26, 15783-15786 
(1986)], and chemically synthesized by the same method as in Experiment 1 of Example 1. 

30 

PCR 



To 3 ul of the above-described specimen solution, 16.05 ul of sterile distilled water, 3 ml of 10 x 
reaction buffer, 4.8 ul of dNTP solution, 1.0 ul of primer (1), 1.0 ul of primer (2), and 0.15 ul of a 
35 thermostable DNA polymerase are added to prepare 30 u I of a reaction mixture. This reaction mixture is 
overlaid with 50 ul of mineral oil (produced by SIGMA). The contents of the solutions used and the primers 
(1) and (2) are as follows: 

10 x reaction buffer: 500 mM KCl, 100 mM Tris-HCt, pH 8.3, 15 mM MgCi 2 , 0.1% (w/v) gelatin. 

dNTP solution: A mixture of dATP, dCTP, dGTP and dTTP, each having a final concentration of 1.25 

40 mM. 

Primers: Aqueous solution of the above-described chemically synthesized purified oligonucleotides 
(concentration, 3.75 OD/ml) is prepared. Any one of the following oligonucleotide combinations is used: 

Primer (1) + primer (2) = Oligonucleotide SEQ ID NO:20 + Oligonucleotide SEQ ID NO:21 
45 Oligonucleotide SEQ ID NO:19 + Oligonucleotide SEQ ID N0:22 and 

Oligonucleotide SEQ ID NO:20 + Oligonucleotide SEQ ID NO:22 

Thermostable DNA polymerase: Taq DNA polymerase (5 unit/ml; produced by Perkin Elmer Cetus). 
The reaction conditions are as follows: 
50 Thermal denaturation: 94 *C for 1 minute. 
Annealing: 55 °C for 1 minute. 
Polymerization: 72 *C for 1 minute. 

The cycle of thermal denaturation, primer annealing and polymerization (5.7 minutes) is repeated for 35 
cycles (entire time, about 3 hours). This procedure is performed using a DNA thermal cycler (produced by 
55 Perkin Elmer Cetus) in which the above reaction conditions are programmed. 
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Detection 

Agarose gel electrophoresis 

5 The same procedure as in Example 1 is followed. 

Reversed passive latex agglutination (RPLA) test 

A commercially available RPLA kit for detection of TSST-1 of Staphylococcus aureus (TST-RPLA 
70 "SEIKEN" produced by DENKA SEIKEN) is purchased. Specimens are prepared and tested according to 
the instruction manual attached except that the preparation of specimens is partially modified in order for 
the test strains to produce sufficient amount of its enterotoxin. That is, the brain heart infusion is changed to 
the one produced by BBL Co., Ltd. 

75 Results 

Table 13 shows the comparison of the results of the PCR method of the present invention with the 
results of the TST-RPLA which are conventionally used. The data indicates that the detection method of the 
present invention can detect the TSST-1 gene of Staphylococcus aureus with a sensitivity comparable to 
20 or higher than the conventional TST-RPLA method. The data in Table 13 show that 17 of the 18 PCR 
positive strains are also positive by RPLA, and that 325 strains are negative by both PCR and RPLA. That 
is, except one strain which is positive by PCR and negative by RPLA, the same results are obtained by 
PCR and by RPLA. The strain, for which the result by PCR and that by RPLA disaccord with each other, is 
tested by the Southern blot hybridization, and is confirmed to be positive for the TSST-1 gene. 

25 

Table 13 



Comparison of PCR and TST-RPLA 




PCR positive 


PCR negative 


TST-RPLA positive 


17 


0 


TST-RPLA negative 


1 


325 



Figure 1 shows the results of the sensitivity test for the PCR primers of the present invention by 
electrophoresis. In the figure, numerals 1 to 9 indicate the number of DNA copies used in the PCR reaction: 
1 indicates 10 7 copies; 2, 10 6 copies; 3, 10 5 copies; 4, 10 4 copies; 5, 10? copies; 6, 10 2 copies; 7, 10 
copies; 8, 1 copy; and 9, absence of DNA. From this figure, it is obvious that only 10 copies of DNA can be 
detected by the method of the present invention. 

[Experiment 2] 

To determine whether the results obtained in Experiment 1 are specific to Staphylococcus aureus 
having the TSST-1 gene, DNAs of other clinically important pathogenic bacteria are examined with the 
primers of the present invention. The same procedure as used in Experiment 1 is followed, except for the 
method of preparation of specimens. 

Preparation of specimens 

Each strain listed in Table 14 is treated in the same manner as in Experiment 2 of Example 5. 

Results 

Table 14 shows the results of the test using the primers of the present invention. PCR using the primers 
does not amplify any DNAs of other strains including those causative for food poisoning. It can therefore be 
concluded that the oligonucleotide primers of the present invention selectively react with the DNA of 
Staphylococcus aureus having the TSST-1 gene. The similar results are obtained with the other 
combinations of the primers of the present invention which are not listed in Table 14. 
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Table 14. 



No 


Strains 


Combination of primers 






OA _J_ OO* 


1 


Bacillus cereus 


AItt 14Dfy 








2 


Baci 1 lus subt i lis 


JtM 14ob 










Staphylococcus aureus 


JtM cilo 








A 


Staphylococcus epidermidis 


I nt O A 1 A 

JtM ^414 








c; 


Salmonella typhiinurium 


1 i?n 1 OCTOG 

Iru IcDcd 








a 
u 


Salmonella enteritidis 


Iru Slbi 








7 


Clostridium perfringens 


ATCC 1^917 








o 
o 


Vibrio cholerae 


ATr*r* OC070 
Aitt cbo(6 








q 


Vibrio cholerae type Ogawa 


ATCC 9458 










Vibrio cholerae type Inaba 


ATCC 9459 










Vibrio f 1 uv talis 


JtM Sloe 








it. 


Campylobacter jejuni 


T/ni oa to 










Campylobacter coli 


JtM CDCX 








14 


Escher icia col i 


I Pli ICylO 

JtM 1d4o 








IS 


Yersinia enterocol i tica 


AItt bblO 








1U 


Shigella dysenteriae 


ATCC dibl 








17 


Shigella flexneri 


AItt Z99Uo 








lO 


Shigella sonnei 


ATCC <J99oU 








1Q 


Bacteroides fragilis 


A ICC £3745 








90 


Bacteroides vulgatus 


JCM 5&Sb 








9\ 

CI 


Bnterococcus faecal is 


JCM 5803 








99 

CC 


Klebsiella pneumoniae 


JCM 1662 








CO 


Protaus vulgaris 


JCM 1688 








94 


Citrobacter freundii 


ATCC 33128 










Streptococcus pyogenes 


ATCC 1ZJ44 










Streptococcus pneumoniae 


ATCC 33400 








97 


Haemophilus influenzae 


ATCC 33391 








9R 


Proteus mirabi 1 is 


ATCC 29906 






- 


9Q 

C& 


lit. i ooci id gunuirjiOcdc 










ov 


Neisseria meningitidis 


ATCC 13077 








31 


Listeria monocytogenes 


ATCC 15313 








32 


Lactobacillus acidophilus 


JCM 1132 








33 


Bifidobacterium adolescentis 


JCM 1275 








34 


Fusobacterium nucleatum 


ATCC 25585 








35 


Propionibacierium acnes 


ATCC 5918 








36 


Veil lone I la atypica 


ATCC 17744 








37 


Pseudomonas aeruginosa 


1P0 12689 








38 


Corynebacterium diphtheriae 


JCM 1310 








39 


Peptostreptococcus anaerobius 


ATCC 27337 









Note) * Numerals refer to SBQ ID NOs* 
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Example 9: Detection of Vibrio cholerae having the ctx gene 

[Experiment 1] 

5 Preparation of specimens 

The same procedure as used in Example t is followed except that 622 strains of Vibrio choferae are 
used. These strains are isolated from patients with cholera, marine products (shrimp, snapping turtle), water 
collected from river, harbor, etc. Serotype, biotype, the numbers of the strains are listed in Table 15. 

to 



Table 15. Type and sources of Vibrio cholerae 



Serotype 


Biotype 


Sources 


Total 


Patients 


Pood 


Environment 
water 




Ogawa 


El Tor 


148 


125 


71 


344 


0 1 


Inaba 


16 


27 


26 


69 


Ogawa 


Asia 


15 


0 


0 


15 




Inaba 


(classical) 


26 


0 


0 


26 


non 0 1 




168 


0 


0 


168 




Total 


373 


152 


97 


622 



30 



Synthesis of primers 

35 As primers for amplifying the ctx gene of Vibrio cholerae, the above-described oligonucleotides SEQ 
ID NO:23 to SEQ ID NO:26 are selected based upon the known base sequences of the ctx gene of Vibrio 
choferae [Lockman, hL and J.B. Kaper: J. BioL Chem., 258, 13722-13726 (1983)], and chemically 
synthesized by the same method as in Experiment 1 of Example 1. 

40 PCR 

PCR is carried out under the same reaction conditions as in Example 1 except that any one of the 
following oligonucleotide combinations is used: 

45 Primer (1) + primer (2) = Oligonucleotide SEQ ID NO:23 + Oligonucleotide SEQ ID NO:25; and 
Oligonucleotide SEQ ID NO:24 + Oligonucleotide SEQ ID NO:26. 



50 Detection 

Agarose gel electrophoresis 

To detect the amplified nucleotide fragments in the reaction solution, agarose gel electrophoresis is 
55 carried out by the same procedure as in Example 1 . 
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Colony hybridization test 

A colony hybridization test is carried out using an polynucleotide probe specific to the ctx gene [Kaper, 
J.B., J.G. Morris, Jr., and N. Nishibuchi (1988), DNA probes for pathogenic Vibrio species, 65-77. In F.C. 
s Tenover (ed.), DNA probes for infectious diseases. CRC Press, Inc., Boca Raton, Fla.] according to the 
procedure described by Grunstein [Grunstein, M. and Hogness, D., Proc. NatL Acad. Sci., 72, 3961(1975)]. 

Results 

io The base sequences of the ctx gene of Vibrio choierae have already been determined. Therefore, the 
length of the nucleotide fragments amplified by PCR using the oligonucleotides of the present invention as 
primers can easily be estimated. Specifically, when the oligonucleotides SEG ID NO: 23 and SEQ ID NO:25 
of the present invention are used in combination, a nucleotide fragment of 169 bases (or a nucleotide 
duplex of 169 base pairs) should be amplified. The combination of SEG ID NO: 24 and SEQ ID NO:26 

rs should amplify a nucleotide fragment of 307 bases (or a nucleotide duplex of 307 base pairs). When the 
estimated length of nucleotide accords with the length of the amplified nucleotide fragments, it is judged 
that PCR using the combination of primers accurately amplifies the target region in the ctx gene, and that 
the bacterial strain in the specimen has the ctx gene. The results obtained from the agarose gel 
electrophoresis and from the colony hybridization test with 662 test strains are given in Table 16. PCR 

20 using the primers of the present invention amplifies only DNAs of the strains which give a result positive for 
the ctx gene in the colony hybridization test, showing no amplification of the DNA of the ctx gene negative 
strains. This indicates that PCR using the primers of the present invention is capable of accurately 
amplifying the ctx gene and that Vibrio choierae having the ctx gene can be detected with high accuracy 
by using the oligonucleotides of the present invention. Table 16 shows the result obtained with 

25 oligonucleotides SEQ ID NO: 24 and SEQ ID NO: 26. The combination of SEQ ID NO:23 and SEQ ID NO:25 
also gives a similar result. 

Table 16 



Accuracy of primer combination of SEQ ID NO:24 and SEQ ID NO:26. 




Results of colony hybridization test 


ctx gene positive 


cfx gene negative 


Results of PCR 


positive 


412 


0 


negative 


0 


210 



Figure 2 shows that PCR using the combinations of the primers of the present invention can accurately 
40 detect the ctx gene irrespective of the source, serological type and biological type of the strains. Heat 
extracts of the following strains are used as the template DNA solutions: 

Lanes 1 to 3: Vibrio choierae (El Tor - Ogawa type, the ctx gene positive strain) 

Lanes 4 to 6: Vibrio choierae (El Tor - inaba type, the ctx gene positive strain) 

Lane 7: Vibrio choierae (Classical- Ogawa type, the ctx gene positive strain) 
45 Lane 8: Vibrio choierae (Classical- Inaba type, the ctx gene positive strain) 

Lanes 9 to 10: Vibrio choierae (non-OI, the ctx gene positive strain) 

Lane 11: Vibrio choierae (El Tor - Ogawa type> the ctx gene negative strain) 

Lane 12: Vibrio choierae (El Tor - Inaba type, the ctx gene negative strain) 

Lane 13: Enterotoxigenic Escherichia coii (Thermolabile enterotoxin gene positive strain) 

50 

[Experiment 2] 

To determine whether the results obtained in Experiment 1 are specific to Vibrio choierae having the 
cfx gene, the genes of other clinically important pathogenic bacteria are examined with the method of the 
55 present invention. The same procedure as used in Experiment 1 is followed, except for the method of 
preparation of specimens. 
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Preparation of specimens 

Each strain listed in Table 17 is treated in the same manner as in Experiment 2 of Example 5. 
5 Results 

Table 17 shows the results of the test using a combination of primers of the present invention. PGR 
using the primers does not amplify DNAs of any other pathogenic strains tested. It can therefore be 
concluded that the oligonucleotide primers of the present invention selectively react with the DNAs of Vibrio 
w choferae having the ctx gene. Similar results are obtained also for the other combination of primers of the 
present invention which is not listed in Table 1 7. 



75 
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Table 17. Reactivity with DNA of bacteria other than 
Vibrio cholerae 



No 


Strains 




1 


Bacillus cereus 


ATCC 14579 




o 
L 


B subfc i 1 is 


JCM 1465 




o 
5 


Staohv lococcu^ aureus 


JCM 2413 




4 


S PDidermi dis 


JCM 2414 




c 
5 


Salmonella tvt)hi murium 


IFO 12529 




/> 

0 


S pnteri t id i <; 


IFO 3163 

* l \J VXW 




7 


Clostridium oprfrincens 


ATCC 12917 




o 

8 


Vihrin fl r/vta 1 i ^ 

* t u* iu n uv lui to 


JCM 3752 




9 


Cftfnnv 1 fihar t p r tpiiint 

uaui{J) iuuctc ici jejuni 


JCM ?01S 




10 


C. coli 


JCM 2529 




11 




JCM 1649 




12 


Ypr<MrMA pn f p ro^rt 1 i fi 


ATCC 9610 




13 


S h i t? p I 1 a HvQpntpriftP 


ATCC 9%1 




14 


5? f)pYT)Pr\ 


ATCC 2990** 




15 


C <;nnnpt 


ATCC 29930 




16 


Barfproidp*! frat?ili^ 


ATCC 23745 




17 


B vulcatn*; 


JCM 5826 




18 




JCM SR0*} 




19 


K1ph<iip!l;* nnptimnn i ytp 

IV 1 c uo 1 c 1 1 a |/iicuiiiUii lac 


JCM 166? 




20 


Prntpti*; vulgaris 


JCM 1668 




21 


Citrobacter freundii 


ATCC 33128 




oo 
11 


Streptococcus ovosrenes 


ATCC 12344 




oo 
£0 


S. pneumoniae 


ATCC 33400 




O A 


H/ipmonh 1 1 h*; influpn7ap 


ATCC ^^^91 




oc 


Proteus mirabilis 


ATCC 29906 




26 


Neisseria gonorrhoeae 


ATCC 19424 




27 


meningitidis 


ATCC 13077 





28 


Listeria monocytogenes 


ATCC 15313 




29 


Lactobacillus acidophilus 


JCM 1132 




30 


Bifidobacterium adolescentis 


JCM 1275 




31 


Fusobacter ium nucleatum 


ATCC 2558 




32 


Propionibacterium acnes 


ATCC 6919 




33 


Vei I lonel la atypica 


ATCC 17744 




34 


Pseudomonas aeruginosa 


IPO 12689 




35 


Corynebacterium diphtheriae 


JCM 1310 




36 


Peptostreptococcus anaerobius 


ATCC 27337 




37 


Human placental DNA 







Note) * + : reactive 

- : nonreactive 
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Example 10: Detection of Clostridium perfringens hav ing the enterotoxin gene 

. [Experiment 1 ] 

5 Preparation of specimens 

The strains of Clostridium perfnngens used are 11 strains isolated from patients, and provided by 
institutes where each strain is stored. Each strain is inoculated to GAM broth (manufactured by Nissui 
Pharmaceutical Co., Ltd.) and subjected to overnight shaking culture at 37 *C under anaerobic conditions. 
io Each culture broth is diluted 10 folds with 10 mM Tris-HCI buffer, pH 7.5, and heated at 95 °C for 10 
minutes, followed by centrifugation to use the supernatant as a specimen. 

Synthesis of primers 

15 As primers for amplifying the enterotoxin gene of Clostridium perfringens, the above-described 
oligonucleotides SEQ ID NO:27 to SEQ ID NO:35 are selected based upon the known base sequences of 
the enterotoxin gene of Clostridium perfringens [Maruke van Damrne-Jongsten, Antonie van Leeuwenhoek, 
56, 181-190(1989)], and chemically synthesized by the same method as in Experiment 1 of Example 1. 

20 PGR 



PCR is carried out under the same reaction conditions as in Example 1 except that any one of the 
following oligonucleotide combinations is used: 

25 Primer (1) + primer (2) - Oligonucleotide SEQ ID NO:27 + Oligonucleotide SEQ ID NO:32; 

Oligonucleotide SEQ ID NO:28 + Oligonucleotide SEQ ID NO:33; 
Oligonucleotide SEQ ID NO:29 + Oligonucleotide SEQ ID NO:33; 
Oligonucleotide SEQ ID NO:30 + Oligonucleotide SEQ ID NO:34; and 
Oligonucleotide SEQ ID NO:31 + Oligonucleotide SEQ ID NO:35. 

30 



Detection 

35 Agarose gel electrophoresis 

To detect the amplified nucleotide fragments in the reaction solution, agarose gel electrophoresis is 
carried out by the same procedure as in Example 1 . 

Figure 3 shows a part of the electrophoretic results. The upper part of the figure shows the results with 
40 Oligonucleotide SEQ ID NO:28 + Oligonucleotide SEQ ID NO:33; and the lower part, the results with 
Oligonucleotide SEQ ID NO:29 + Oligonucleotide SEQ ID NO:33. In the figure, M indicates the molecular 
weight marker; and lanes 1 to 13 respectively indicate ATCC 12925(lane 1), ATCC 12924(lane 2), ATCC 
12922(iane 3), ATCC 12920(tane 4), ATCC 12916(lane 5), ATCC 12915(lane 6), ATCC 12918(lane 7), ATCC 
12919(lane 8), ATCC 12921 (lane 9), JCM 1296(lane 10), JCM 1416(lane 11), JCM 1382(tane 12), and TE 
45 (negative control, lane 13). 

Southern blot hybridization test 

A southern blot hybridization test is carried out using an oligonucleotide probe specific to the 
so enterotoxin gene of Clostridium perfringens according to the method described by Tada et al. [Tada, J. et 
ai. MoL Cell. Probe., 6, 477 (1992)]. 

Reversed passive latex agglutination (RPLA) test 

55 A commercially available RPLA kit for detection of Clostridium perfringens enterotoxin (PET-RPLA 
"SEIKEN" produced by DENKA SEIKEN) is purchased. Specimens are prepared and tested according to 
the instruction manual attached. 
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Results 

The base sequences of the enterotoxin gene of Clostridium perfringens have already been deter- 
mined. Therefore, the length of the nucleotide fragments amplified by PCR using the oligonucleotides of the 

5 present invention as primers can easily be estimated. Specifically, when the oligonucleotides SEQ ID NO:27 
and SEQ ID NO:32 of the present invention are used in combination, a nucleotide fragment of 473 bases (or 
a nucleotide duplex of 473 base pairs) should be amplified. When the estimated length accords with the 
length of the amplified nucleotide fragment, it is judged that PCR using the combination of the primers 
accurately amplifies the target region in the enterotoxin gene, and that the bacterial strain in the specimen 

io has the enterotoxin gene. The results obtained from the .agarose gel electrophoresis and from the RPLA test 
with the 11 test strains are given in Table 18. 
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In the Southern blot hybridization test, it is confirmed that the nucleotide fragments amplified with a 
combination of the primers of the present invention is a part of the enterotoxin gene sequences. The results 
are shown in Figure 4. Figure 4 corresponds to Figure 3. In the figure, M indicates the molecular weight 
marker; and lanes 1 to 13 respectively indicate ATCC 12925(lane 1), ATCC 12924(lane 2), ATCC 12922- 
55 (lane 3), ATCC 12920(lane 4), ATCC I2916(lane 5), ATCC 12915(lane 6), ATCC 12918(lane 7), ATCC 
12919(lane 8), ATCC 12921(lane 9), JCM I296(lane 10), JCM 1416(lane 11), JCM 1382(lane 12), and TE 
(negative control, lane 13). 
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These results indicate that PGR using the primers of the present invention is capable of accurately 
amplifying the enterotoxin gene in PCR and that Clostridium perfringens having the enterotoxin gene can 
be detected with high accuracy by using the oligonucleotides of the present invention. 

5 [Experiment 2] 

To determine whether the results obtained in Experiment 1 are specific to Clostridium perfringens 
having the enterotoxin gene, the reactivity of the primers of the present invention with the DNAs of other 
Clostridium species and other clinically important pathogenic bacteria is examined! The same procedure as 
10 used in Experiment 1 is followed, except for the method of preparation of specimens. 

Preparation of specimens 

Each strain listed in Tables 19 and 20 is treated in the same manner as in Experiment 2 of Example 5. 

75 

Results 

Tables 19 and 20 show the results of the test using some of the combinations of primers of the present 
invention. AH the combinations of the primers listed in the tables do not show any amplification of DNAs of 
20 other strains including pathogenic strains in PCR. It can therefore be concluded that the oligonucleotide 
primers of the present invention selectively react with the enterotoxin gene of Clostridium perfringens. 
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Table 20. 





Strains 


j 

! 


Combination of primers and length of ai 
DNA (No. of b.p.)' 


□plified 




27 +32** 

473 


28+33** 
456 


29+33** 
421 


30 +34** 
267 


31+35** 

156 




UI 


Vthi*if» f*hnl 0t*zt0 

VlUl ISJ wILriClaC 


ATCC 25872 





— 


_ 


— 


— 


09 


Vihrio cholprap tVOe OEawa 


ATCC 9458 




— 


— 


— 


— 


\JO 


Vihrtrt rhntprap tVDP Inaha 

V I UI 1U l/UUlti AC tjfu niuuu 


. ATCC 9459 





— 






— 


04 


Vihrift fltrvtftliR 


JCM 3752 











— 


— 


Cfi 


V l UI IV lllC L oUilll i ftv/V i I 


ATCC 7708 











_ 


— 


OR 


V l ui ty Jiiiiiiinjtj 


ATCC 33653 










— 


— 


07 


DaUillUCy Lei UUo 


ATCC 14579 











_ 


— 


Oft 
uo 


Ra/* ill cithf i 1 i <: 
Da 11 I (Uo oUUU I J«J 


JCM 1465 














OQ 


jinhv 1 nrnpf**t^ aiirPtJ^ 

O lay 11 j i ULULI/Uo oui cuo 


JCM 2413 


— 









— 


to 

Ivy 


*vf anhvl nmrrii<i poidprfllidlS 


JCM 2414 


— 












I 1 

X 1 


Sfllmnnpll/i tVDhi murium 

\JQ 1 HIV/ lit. 1 Id I jpill *hk* i » «"» 


IFO 12529 











— 




1? 


Salmonella pnteritidis 


IFO 3163 








— 




— 


lO 


rflmnvlnhnrt pr ipiuni 


JCM 2013 













— 


14 


Patnfvv 1 nhar t pr rf>Ii 


JCM 2529 











_ 


— 


1^ 


R^rhpr i rh t a rn 1 1 

unci luii i a iri/i i 


JCM 1649 













— 




Vpr^inifl pnt prnrn 1 i t i ca 

lCIOilflU Clival vH/U 1 J 1. I oil 


ATCC 9610 
















*\htffpHa rfv<ipntpriae 


ATCC 9361 
















ATCC 29903 




_ 


_ 






to 


CK**ial 0 Anno 1 

on i 56 1 ia sonnc 1 


ATCC 29930 












9A 


DacieroiucS iragiiia 


ATCC 23745 















DacteroiQcs vutgaiui 


JCM 5826 















Enterococcus faecal is 


ICM 















K i e ds 1 e 1 1 a pneumoniae 


O\jol 1 \J\JL, 















Proteus roirabilis 


ATCC ?Q906 













ZD 


Proteus vulgaris 


JViil J.UUO 












oc 
<:b 


titrouacter ireunun 




— 


- 


- 


- 





97 


streptococcus pyogenes 


ATCC 1 2344 













9ft 


oircPlOLULLUa pitcullKJlt iac 


ATCC 33400 













29 


Haemophilus influenzae 


ATCC 33391 










- 


30 


Neisseria gonorrhoeae 


ATCC 19424 












31 


Neisseria meningitidis 


ATCC 13077 












32 


Listeria monocytogenes 


ATCC 15313 












33 


Lactobacillus acidophilus 


JCM 1132 












34 


Bifidobacterium adolescentis 


JCM 1275 












35 


Fusobacterium nucleatum 


ATCC 25586 












36 


Prop ion i bacterium acnes 


ATCC 6919 












37 


Veilloneila atypica 


ATCC 17744 












38 


Pseudomonas aeruginosa 


1F0 12689 












39 


Corynebacterium dlphther iae 


JCM 1310 












40 


Peptostreptococcus anaerobius 


ATCC 27337 













Note) * + : DNA of estimated length is amplified. 
- : DNA of any length is not amplified. 



** Numerals refer to SEQ ID NOs. 



The agarose gel electrophoresis used in the above examples of the present invention can differentiate 
nucleotide fragments from one another which are different in length by 5-10 bases (base pairs) for 
nucleotide fragments of not more than 100 bases (base pairs), and by 10-20 bases (base pairs) for 
nucleotide fragments of 100-500 bases (base pairs). In addition, the use of other gel material such as 
acrylamide makes it possible to improve the precision in measuring the length of nucleotide fragment. Thus, 
the reliability of the selective detection of the target gene in the present invention can further be increased. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 
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SEQUENCE LISTING 

5 

(1) GENERAL INFORMATION: 
(iii)NUMBER OF SEQUENCES: 35 

10 . ■ 

(2) INFORMATION FOR SEQ ID NO:l: 

( ± ) SEQUENCE CHARACTERISTICS: 
15 ( A ) LENGTH : 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
2 o (D)TOPOLOGY: linear 

( ii ) MOLECULE TYPE: genomic DNA 
(iii) HYPOTHETICAL: no 

25 

(iv)ANTI- SENSE: no 
(vi) ORIGINAL SOURCE: 
( A ) ORGANISM : Shig&lla dysenterlae type 1 

30 

(ix) FEATURE: 
( A ) IDENTIFICATION METHOD: S 
35 ( xi ) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

CAACACTGGA TGATCTCAG 19 

40 (2) INFORMATION FOR SEQ ID NO: 2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH : 18 base pairs 

45 ( B ) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

50 

(ii) MOLECULE TYPE: genomic DNA 
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( ii± ) HYPOTHETICAL: no 
(iv)ANTI -SENSE: no 
(vi) ORIGINAL SOURCE: 

( A ) ORGANISM : Shigella dysenteriae type 1 
(ix) FEATURE: 
(A) IDENTIFICATION METHOD: S 
( xx ) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CCCCCTCAAC TGCTAATA 18 

(2) INFORMATION FOR SEQ ID NO: 3: 

( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 21 base pairs 

( B ) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE: genomic DNA 
( iii ) HYPOTHETICAL: no 

(iv)ANTI -SENSE: no 

(vi) ORIGINAL SOURCE: 
(A)ORGANISM: Shigella dysenteriae. Shigella 
flexneri, shigella hoydii, and Shigella sonnei 

(ix) FEATURE: 
(A) IDENTIFICATION METHOD : S 
( xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TGTATCACAG ATATGGCATG C 21 

(2) INFORMATION FOR SEQ ID NO: 4: 
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( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH ; 20 base pairs 

5 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
w (D)TOPOLOGY: linear 

( ii ) MOLECULE TYPE: genomic DMA 
(iii)HYPOTHETICAL: no 
75 ( iv)ANTI -SENSE: no 

(vi)ORIGINAL SOURCE: 
( A ) ORGANISM : Shigella dysenteriae r Shigella 

20 

flexnerir Shigella boydii, and Shigella sormei 
(ix) FEATURE: 
25 ( A ) IDENTIFICATION METHOD: S 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO; 4: 
TCCGGAGATT GTTCCATGTG 20 

30 

(2) INFORMATION FOR SEQ ID NO: 5: 

( i ) SEQUENCE CHARACTERISTICS: 

35 

( A ) LENGTH : 22 base pairs 

( B ) TYPE : nucleic acid 

40 ( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: genomic DNA 
45 ( iii ) HYPOTHETICAL: no 

( iv ) ANTI-SENSE: no 
(vi) ORIGINAL SOURCE: 

50 

( A ) ORGANISM : Shigella dysetnteriae. Shigella 
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flexneri. Shigella boydli, and Shigella sonnel 
(ix) FEATURE: 

5 

( A ) IDENTIFICATION METHOD: S 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CAAGATTTAA CCTTCGTCAA CC 22 

10 

(2) INFORMATION FOR SEQ ID NO: 6: 
f6 ( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH : 20 base pairs 

(B) TYPE: nucleic acid 

20 ( C ) STRANDEDNESS : single 

(D)TOPOLOGY: linear 
( ii ) MOLECULE TYPE: genomic DNA 

25 

( iii ) HYPOTHETICAL: no 
(iv) ANTI-SENSE: no 
(vi)ORIGINAL SOURCE: 

30 

( A ) ORGANI SM : Shigella dysenterlae. Shigella 
flexneri. Shigella hoydll, and Shigella sonnel 

35 (ix) FEATURE: 

(A) IDENTIFICATION METHOD: S 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

40 AGTTCTCGGA TGCTATGCTC 20 

(2) INFORMATION FOR SEQ ID NO : 7 : 

45 

( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 18 base pairs 

(B) TYPE: nucleic acid 

50 

( C ) STRANDEDNESS : single 
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ro 



75 



20 



30 



45 



(D)TOPOLOGY: linear 
(ii) MOLECULE TYPE: genomic DNA 
( iii ) HYPOTHETICAL: no 
(iv) ANT I -SENSE: no 
(vi) ORIGINAL SOURCE: 

(A)ORGANISM: Salmonella spp. 
(ix) FEATURE: 

( A) IDENTIFICATION METHOD: S 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
CGCGGAGAGG GCGTCATT 18 



(2) INFORMATION FOR SEQ ID NO: 8: 
25 ( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH : 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 
(ii)MOLECULE TYPE: genomic DNA 

(iii) HYPOTHETICAL: no 
(iv)ANTI -SENSE: no 
(vi)ORIGINAL SOURCE: 

( A ) ORGANISM : Salmonella spp. 
(ix) FEATURE: 
( A) IDENTIFICATION METHOD: S 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8; 
GCAACGACTC ATTAATTACC G 21 
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10 



(2) INFORMATION FOR SEQ ID NO: 9: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
( B } TYPE : nucleic acid 

( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: genomic DNA 
T5 ( iii ) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 
(vi) ORIGINAL SOURCE: 

(A)ORGANISM: Salmonella spp* 
(ix) FEATURE: 
(A) IDENTIFICATION METHOD: S 
( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 9 
ATCTGGTCGC CGGGCTGA 18 



20 



25 



30 



35 



40 



45 



50 



(2) INFORMATION FOR SEQ ID NO: 10: 
( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 18 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 

( ii ) MOLECULE TYPE: genomic DNA 
( iii) HYPOTHETICAL: no 
( iv ) ANTI - SENSE : no 
(vi)ORIGINAL SOURCE: 
( A) ORGANISM: Salmonella spp. 
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70 



75 



20 



25 



30 



40 



45 



50 



(ix) FEATURE: 
( A) IDENTIFICATION METHOD: S 
(xi)SEQUENCE DESCRIPTION: SEQ ID NO: 10 
GCATCGCGCA CACGGCTA 18 



(2) INFORMATION FOR SEQ ID NO: 11: 
( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH : 19 base pairs 

( B ) TYPE : nucleic acid 

( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 
( ii ) MOLECULE TYPE: genomic DNA 

( i i i ) HYPOTHET I C AL : no 
( iv ) ANT I -SENSE: no 
(vi) ORIGINAL SOURCE: 

( A ) ORGANI SM : Salmonella spp. 
( ix ) FEATURE: 
( A) IDENTIFICATION METHOD: S 
35 { xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 11 

GGCGAGCAGT TTGTCTGTC 19 



(2) INFORMATION FOR SEQ ID NO: 12: 
( i ) SEQUENCE CHARACTERI STICS : 

( A ) LENGTH : 19 base pairs 

( B ) TYPE : nucleic acid 

( C ) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE: genomic DNA 
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(iii) HYPOTHETICAL: no 
( iv ) ANTI-SENSE: no 

5 

(vi)ORIGINAL SOURCE: 
(A)ORGANISM: Escherichia coll 
10 (ix) FEATURE: 

( A) IDENTIFICATION METHOD : S 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CAACACTGGA TGATCTCAG 19 



15 



20 



30 



(2) INFORMATION FOR SEQ ID NO: 13: 
( i ) SEQUENCE CHARACTERISTICS : 
( A ) LENGTH : 18 base pairs 
25 ( B ) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
( ii ) MOLECULE TYPE: genomic DNA 

( iii ) HYPOTHETICAL: no 
(iv) ANTI-SENSE: no 
(vx)ORIGINAL SOURCE: 
( A ) ORG ANI SM : Escherichia coll 
40 (ix) FEATURE: 

( A) IDENTIFICATION METHOD: S 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CCCCCTCAAC TGCTAATA 18 



35 



45 



50 



(2) INFORMATION FOR SEQ ID NO: 14: 
( i ) SEQUENCE CHARACTERISTICS: 
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10 



( A ) LENGTH : 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 
(xi ) MOLECULE TYPE: genomic DNA 

(iii) HYPOTHETICAL: no 
(iv)ANTI -SENSE: no 
?5 (vi) ORIGINAL SOURCE: 

(A)ORGANISM: Escherichia coll 
(ix) FEATURE: 
( A ) IDENTIFICATION METHOD: S 
( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 14 
ATCAGTCGTC ACTCACTGGT 20 



20 



25 



30 



35 



40 



45 



50 



(2) INFORMATION FOR SEQ ID NO: 15: 
( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH : 19 base pairs 

(B) TYPE: nucleic acid 

( C ) STRAND EDNESS : single 

( D ) TOPOLOGY : linear 

( ii ) MOLECULE TYPE: genomic DNA 
(iii ) HYPOTHETICAL: no 
( iv ) ANTI-SENSE : no 
(vi)ORIGINAL SOURCE: 

( A ) ORGAN ISM : Escherichia coll 
(ix) FEATURE: 

( A ) IDENTIFICATION METHOD: S 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CCAGTTATCT GACATTCTG 19 

5 

(2) INFORMATION FOR SEQ ID NO: 16: 

( i ) SEQUENCE CHARACTERISTICS: 

to . 

( A ) LENGTH : 22 base pairs 

(B) TYPE: nucleic acid 

r5 (C)STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

( ii ) MOLECULE TYPE: genomic DNA 
20 ( iii ) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(vi) ORIGINAL SOURCE: 

25 , 

( A ) ORGANI SM : Escherichia coli 
(ix) FEATURE: 

(A) IDENTIFICATION METHOD: S 

30 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
AGTTTACGTT AGACTTTTCG AC 22 

35 

( 2 ) INFORMATION FOR SEQ ID NO : 17 : 
( i ) SEQUENCE CHARACTERISTICS : 
40 ( A ) LENGTH : 19 base pairs 

( B ) TYPE : nucleic acid 

( C ) STRANDEDNESS : single 

45 

( D ) TOPOLOGY : linear 

( ii ) MOLECULE TYPE: genomic DNA 
( iii ) HYPOTHETICAL: no 

50 

( iv )ANTI -SENSE: no 



71 



EP 0 669 399 A2 



70 



75 



20 



25 



30 



35 



45 



50 



( vi ) ORIGINAL SOURCE: 

(A)ORGANISM: Escherichia coll 
(ix) FEATURE: 

( A ) IDENTIFICATION METHOD: S 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
CGGACAGTAG TTATACCAC 19 



(2) INFORMATION FOR SEQ ID NO: 18: 
( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH : 19 base pairs 

(B) TYFE: nucleic acid 

( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 
( ii ) MOLECULE TYPE: genomic DNA 

(iii HYPOTHETICAL: no 
( iv) ANT I -SENSE: no 
(vi)ORIGINAL SOURCE : 

( A ) ORGANISM: Escherichia coll 
(ix) FEATURE: 
( A ) IDENTIFICATION METHOD: S 
40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

CTGCTGTCAC AGTGACAAA 19 



(2) INFORMATION FOR SEQ ID NO: 19: 
( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH : 22 base pairs 

(B) TYPE: nucleic acid 
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70 



15 



20 



30 



35 



45 



50 



(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE: genomic DNA 
(iii ) HYPOTHETICAL ; no 
( iv )ANTI -SENSE r no 
( vi ) ORIGINAL SOURCE: 

( A ) ORGANISM: Staphylococcus aureus 
(ix) FEATURE: 
( A ) IDENTIFICATION METHOD: S 
( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 19 
CCTTTAAAAG TTAAGGTTCA TG 22 



25 (2) INFORMATION FOR SEQ ID NO: 20: 

( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 21 base pairs 

( B ) TYPE : nucleic acid 

( C ) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE: genomic DNA 
(iii) HYPOTHETICAL: no 
«o ( iv ) ANT I - SENSE : no 

(vi) ORIGINAL SOURCE: 

(A ) ORGANISM: Staphylococcus aureus 
(ix) FEATURE: 
( A) IDENTIFICATION METHOD: S 
( xi ) SEQUENCE DESCRIPTION: SEQ ID NO:20; 
GGCCAAAGTT CGATAAAAAA C 21 
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(2) INFORMATION FOR SEQ ID NO: 21: 
( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
( ii ) MOLECULE TYPE: genomic DNA 

( iii ) HYPOTHETICAL: no 
(iv)ANTI-SENSE: no 
( vi ) ORIGINAL SOURCE: 

( A ) ORGAN ISM: Staphylococcus aureus 
( ix ) FEATURE : 

25 ( A ) IDENTIFICATION METHOD: S 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 21 
ATTTATAGGT GGTTTTTCAG TAT 23 

30 

(2) INFORMATION FOR SEQ ID NO: 22: 
( i ) SEQUENCE CHARACTERISTICS : 

35 

( A ) LENGTH : 23 base pairs 

( B ) TYPE : nucleic acid 

40 ( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 
(ii) MOLECULE TYPE: genomic DNA 
(iii ) HYPOTHETICAL: no 
(iv) ANT I -SENSE: no 
( vi ) ORIGINAL SOURCE: 
( A ) ORGANISM : Staphylococcus aureus 
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(ix) FEATURE: 

(A) IDENTIFICATION METHOD: S 

5 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
CTGCTTCTAT AGTTTTTATT TCA 23 

w 

(2) INFORMATION FOR SEQ ID NO: 23: 
( i ) SEQUENCE CHARACTERISTICS: 
7 5 (A) LENGTH: 22 base pairs 

( B ) TYPE : nucleic acid 

(C) STRANDEDNESS: single 
20 (D)TOPOLOGY: linear 

(ii) MOLECULE TYPE: genomic DNA 
( iii ) HYPOTHETICAL: no 

25 

(iv) ANTI-SENSE: no 
( vi ) ORIGINAL SOURCE: 
( A ) ORGANISM : Vibrio cholerae 

30 

( ix ) FEATURE : 
( A) IDENTIFICATION METHOD: S 
35 ( xi ) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

TGATGAAATA AAGCAGTCAG GT 22 



40 (2) INFORMATION FOR SEQ ID NO: 24: 

( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 20 base pairs 

45 

( B ) TYPE : nucleic acid 

( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 

50 

( ii ) MOLECULE TYPE: genomic DNA 
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( iii ) HYPOTHETICAL: no 
( iv ) ANTI-SENSE : no 

5 

( vi ) ORIGINAL SOURCE: 
(A)ORGANISM: Vibrio cholerae 

70 (ix) FEATURE: 

( A ) IDENTIFICATION METHOD: S 

(xx ) SEQUENCE DESCRIPTION: SEQ ID NO : 24 

75 ACAGAGTGAG TACTTTGACC 20 

(2) INFORMATION FOR SEQ ID NO: 25: 

20 

( i ) SEQUENCE CHARACTERISTICS : 
( A ) LENGTH: 22 base pairs 
25 (B)TYPE: nucleic acid 

( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 

30 ( xi ) MOLECULE TYPE: genomic DNA 

( iii ) HYPOTHET ICAL : no 
( xv )ANTI -SENSE: no 

35 

(vi)ORIGINAL SOURCE: 
( A ) ORGANISM : Vibrio cholerae 

40 (ix) FEATURE: 

( A ) IDENTIFICATION METHOD: S 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25 

45 GGC ACTTCTC AAACTAATTG AG 22 

(2) INFORMATION FOR SEQ ID NO: 26: 

50 

( i ) SEQUENCE CHARACTERISTICS: 
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( A ) LENGTH : 22 base pairs 

( B ) TYPE : nucleic acid 

( C ) STRANDEDNESS i single 

( D ) TOPOLOGY : linear 
( ii ) MOLECULE TYPE: genomic DNA 

( iii ) HYPOTHETICAL: no 
(iv)ANTI -SENSE: no 
( vi ) ORIGINAL SOURCE: 

( A ) ORGANISM: Vibrio cholerae 
(ix) FEATURE: 
( A ) IDENTIFICATION METHOD: S 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26 
2& ATACCATCCA TATATTTGGG AG 22 



15 



20 



(2) INFORMATION FOR SEQ ID NO: 27: 
( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 20 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : single 

(D)TOPOLOGY: linear 
( ii ) MOLECULE TYPE: genomic DNA 
( iii ) HYPOTHET ICAL : no 
(iv)ANTI -SENSE: no 
(vi)ORIGINAL SOURCE: 

(A)ORGANISM: Clostridium perfrlngens 
(ix) FEATURE: 

( A ) IDENTIFICATION METHOD: S 
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15 



25 



( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
TCTGAGGATT TAAAAACACC 20 

(2) INFORMATION FOR SEQ ID NO: 28: 
( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 20 base pairs 

( B ) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

( ii ) MOLECULE TYPE: genomic DNA 
20 ( iii ) HYPOTHETICAL: no 

( iv)ANTI- SENSE: no 
(vi)ORIGINAL SOURCE: 

(A)ORGANISM: Clostridium perfrlngens 
(ix) FEATURE: 

( A ) IDENTIFICATION METHOD: S 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
ACCCTCAGTA GGTTCAAGTC 20 

35 

(2) INFORMATION FOR SEQ ID NO: 29: 
( i ) SEQUENCE CHARACTERISTICS : 
40 ( A ) LENGTH : 21 base pairs 

( B ) TYPE : nucleic acid 

( C ) STRANDEDNESS : s ing le 

(D) TOPOLOGY: linear 
( ii ) MOLECULE TYPE: genomic DNA 

(iii ) HYPOTHETICAL: no 
(iv)ANTI -SENSE: no 
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( vi ) ORIGINAL SOURCE: 
( A ) ORGANISM : Clostridium perfringens 

( ix ) FEATURE: 
(A) IDENTIFICATION METHOD: S 
( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 29 
ATGAAACAGG TACCTTTAGC C 21 

(2) INFORMATION FOR SEQ ID NO: 30: 
( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

( ii ) MOLECULE TYPE : genomic DNA 
( iii ) HYPOTHETICAL: no 
(iv) ANTI-SENSE: no 
(vi) ORIGINAL SOURCE: 

( A ) ORGANISM : Clostridium perfringens 
(ix) FEATURE: 
(A) IDENTIFICATION METHOD: S 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30 
GGTAATATCT CTGATGATGG AT 22 

(2) INFORMATION FOR SEQ ID NO: 31: 
( i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
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( C ) STRAHDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

( ii ) MOLECULE TYPE: genomic DNA 
( iii ) HYPOTHETICAL: no 

( iv ) ANT I -SENSE : no 
(vi)ORIGINAL SOURCE: 

( A ) ORGANISM : Clostridium perfringens 
(ix) FEATURE: 

(A) IDENTIFICATION METHOD: S 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
TAACTCATAC CCTTGGACTC 20 

INFORMATION FOR SEQ ID NO: 32: 
( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: genomic DNA 

( iii ) HYPOTHETICAL: no 
( iv )ANTI -SENSE : no 

( vi ) ORIGINAL SOURCE: 

(A)ORGANISM: Clostridium perfringens 
(ix) FEATURE: 

(A) IDENTIFICATION METHOD: S 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 32 
GAACCTTGAT CAATATTTCC 20 
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(2) INFORMATION FOR SEQ ID NO: 33: 
( i } SEQUENCE CHARACTERISTICS : 

5 

( A ) LENGTH : 21 base pairs 

( B ) TYPE : nucleic acid 

7o (C)STRANDEDNESS: single 

(D)TOPOLOGY: linear 

( ii ) MOLECULE TYPE: genomic DNA 
75 ( iii ) HYPOTHETICAL; no 

(iv)ANTI -SENSE: no 

(vi)ORIGINAL SOURCE: 

20 

(A)ORGANISM: Clostridium perfringens 
(ix) FEATURE: 

25 ( A ) IDENTIFICATION METHOD : S 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 33 
GTAGCAGCAG CTAAATCAAG G 21 

30 

(2) INFORMATION FOR SEQ ID NO: 34: 
( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH : 20 base pairs 

( B ) TYPE : nucleic acid 

4Q (C)STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

( ii ) MOLECULE TYPE: genomic DNA 
45 ( iii ) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(vi)ORIGINAL SOURCE: 

50 

(A)ORGANISM: Clostridium perfringens 



55 



81 



EP 0 669 399 A2 



(ix) FEATURE ; 
( A ) IDENTIFICATION METHOD: S 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 
AGTCCAAGGG TATGAGTTAG 20 

(2) INFORMATION FOR SEQ ID NO: 35: 
( i ) SEQUENCE CHARACTERISTICS : 

( A ) LENGTH : 20 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE: genomic DNA 
( iii ) HYPOTHETICAL: no 
( iv)ANTI- SENSE: no 
(vi) ORIGINAL SOURCE: 

( A ) ORGAN ISM : Clostridium perfrtngens 
( ix ) FEATURE: 
( A) IDENTIFICATION METHOD: S 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 
CCATCACCTA AGGACTGTTC 20 

Claims 

1. A synthetic oligonucleotide of 10 to 30 bases which is complementary to a nucleotide sequence of a 
gene selected from the group consisting of the Shiga toxin gene of Shigella species, the /paH gene of 
Shigella species and ElEC, the invE gene of Shigella species and ElEC, the araO gene of Salmonella 
species, the Verocytotoxin-1 gene of EHEC or VTEC, the Verocytotoxin-2 gene of EH EC or VTEC, the 
toxic shock syndrome toxin- 1 gene of Staphylococcus aureus, the ctx gene of Vibrio cholerae, and 
the enterotoxin gene of Clostridium per frin gens, 

2. A synthetic oligonucleotide comprising a nucleotide sequence complementary to the synthetic 
oligonucleotide of claim 1 . 

3. A method for detecting a bacterial strain selected from the group consisting of Shigella species, ElEC, 
Salmonella species, EHEC, VTEC, Staphylococcus aureus, Vibrio chlolerae, and Clostridium per- 
frtngens, wherein the method comprises 
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(1) hybridizing one primer to a single-stranded target DNA as a template DNA present in a specimen 
and carrying out a primer extension reaction to give a primer extension product, 

(2) denaturing the resulting DNA duplex to separate the primer extension product from the template 
DNA, the primer extension product functioning as the other template DNA for the other primer, 

5 (3) repeating a cycle of simultaneous primer extension reaction with the two primers, separation of 

the primer extension products from the templates, and hybridization of primers to amplify a region of 
the target DNA, in the steps from (1) to (3) said primers being selected from the group consisting of 
oligonucleotides of claims 1 and 2, and 

(4) detecting the amplified nucleotide sequence to determine whether a suspected bacterial strain is 
10 present in the specimen. . . 

4. A kit for detection of a bacterial strain, comprising at least a pair of primers selected from the group 
consisting of oligonucleotides of claims 1 and 2, a thermostable DNA polymerase, and dNTP solutions. 

75 5. The synthetic oligonucleotide according to claim 1, wherein said gene is the Shiga toxin gene of 
Shigella dysenteriae type 1, and wherein the synthetic oligonucleotide comprises at least 10 
consecutive bases of Oligonucleotide SEQ ID NO:1 or Oligonucleotide SEQ ID NO:2. 

6. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
20 tary to the synthetic oligonucleotide of claim 5. 

7. The synthetic oligonucleotide according to claim 1, wherein said gene is the /paH gene of Shigella 
species and EIEC, and wherein the synthetic oligonucleotide comprises at least 10 consecutive bases 
of Oligonucleotide SEQ ID NO:3 or Oligonucleotide SEQ ID NO:4. 

25 

8. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
tary to the synthetic oligonucleotide of claim 7. 

9. The synthetic oligonucleotide according to claim 1, wherein said gene is the invE gene of Shigella 
30 species and EIEC, and wherein the synthetic oligonucleotide comprises at least 10 consecutive bases 

of Oligonucleotide SEQ ID NO:5 or Oligonucleotide SEQ ID NO:6. 

10. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
tary to the synthetic oligonucleotide of claim 9. 

35 

11. The method according to claim 3, wherein said target DNA is a gene of Shigella species and EIEC and 
said primers are selected from the group consisting of oligonucleotides of claims 5 to 10. 

12. The kit according to claim 4, wherein said pair of primers are selected from the group consisting of 
40 oligonucleotides of claims 5 to 10 for detection of Shigella species and EIEC. 

13. The synthetic oligonucleotide according to claim 1, wherein said gene is the araC gene of Salmonella 
species, and wherein the synthetic oligonucleotide comprises at least 10 consecutive bases of the 
oligonucleotide selected from the group consisting of Oligonucleotide SEQ ID NO:7, Oligonucleotide 

45 SEQ ID NO:8, Oligonucleotide SEQ ID NO:9, Oligonucleotide SEQ ID NO:10, and Oligonucleotide SEQ 

IDNO:11. 

14. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
tary to the synthetic oligonucleotide of claim 13, 

50 

15. The method according to claim 3, wherein said target DNA is a gene of Salmonella species and said 
primers are selected from the group consisting of oligonucleotides of claims 13 and 14. 

16. The method according to claim 15, wherein said two primers are selected from the following 
55 oligonucleotide combinations: a combination in which one oligonucleotide comprises at least 10 

consecutive bases of Oligonucleotide SEQ ID NO:7 and the other comprises at least 10 consecutive 
* bases of Oligonucleotide SEQ ID NO:8; a combination in which one comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO:9 and the other comprises at least 10 consecutive bases of 
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Oligonucleotide SEQ ID NO:10; and a combination in which one comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO: 11 and the other comprises at least 10 consecutive bases of 
Oligonucleotide SEQ ID NO: 8. 

5 17. The kit according to claim 4, wherein said pair of primers are selected from the group consisting of 
oligonucleotides of claims 13 and 14 for detection of Salmonella species. 

18. The synthetic oligonucleotide according to claim 1, wherein said gene is the Verocytotoxin-1 gene of 
EHEC or VTEC, and wherein the synthetic oligonucleotide comprises at least 10 consecutive bases of 

10 Oligonucleotide SEQ ID NO:12 or Oligonucleotide SEQ ID NO:13. 

19. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
tary to the synthetic oligonucleotide of claim 1 8. 

15 20. The synthetic oligonucleotide according to claim 1, wherein said gene is the Verocytotoxin-2 (VT2) 
gene or its variant gene (V2vha, VTvhb or VTvpl) of EHEC or VTEC, and wherein the synthetic 
oligonucleotide comprises at least 10 consecutive bases of Oligonucleotide SEQ ID NO:14 or 
Oligonucleotide SEQ ID NO:15. 

20 21. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
tary to the synthetic oligonucleotide of claim 20. 

22. The synthetic oligonucleotide according to claim 1, wherein said gene is the Verocytotoxin-1 gene or 
the Verocytotoxin-2 (VT2) gene or a variant gene of the VT2 gene (V2vha, VTvhb or VTvpl) of EHEC or 

25 VTEC, and wherein the synthetic oligonucleotide comprises at least 10 consecutive bases of the 
oligonucleotide selected from the group consisting of Oligonucleotide SEQ ID NO:16, Oligonucleotide 
SEQ ID NO:17, and Oligonucleotide SEQ ID NO:18. 

23. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
30 tary to the synthetic oligonucleotide of claim 22. 

24. The method according to claim 3, wherein said target DNA is a gene of EHEC or VTEC and said 
primers are selected from the group consisting of oligonucleotides of claims 18 to 23. 

35 25. The method according to claim 24, wherein said two primers are selected from the following 
oligonucleotide combinations: a combination in which one oligonucleotide comprises at least 10 
consecutive bases of Oligonucleotide SEQ ID NO:12 and the other comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO:13; a combination in which one oligonucleotide comprises at least 
10 consecutive bases of Oligonucleotide SEQ ID NO:14 and the other comprises at least 10 

40 consecutive bases of Oligonucleotide SEQ ID NO:15; a combination in which one comprises at least 10 
consecutive bases of Oligonucleotide SEQ ID NO:16 and the other comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO:18; and a combination in which one comprises at least 10 
consecutive bases of Oligonucleotide SEQ ID NO: 17 and the other comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO: 18. 

45 

26. The kit according to claim 4, wherein said pair of primers are selected from the group consisting of 
oligonucleotides of claims 18 to 23 for detection of EHEC or VTEC. 

27. The synthetic oligonucleotide according to claim 1, wherein said gene is the toxic shock syndrome 
so toxin-1 gene of Staphylococcus aureus, and wherein the synthetic oligonucleotide comprises at least 

10 consecutive bases of the oligonucleotide selected from the group consisting of Oligonucleotide SEQ 
ID NO:19, Oligonucleotide SEQ ID NO: 20, Oligonucleotide SEQ ID NO:21, and Oligonucleotide SEQ ID 
NO:22. 

55 28. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
tary to the synthetic oligonucleotide of claim 27. 
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29. The method according to claim 3, wherein said target DNA is a gene of Staphylococcus aureus and 
said primers are selected from the group consisting of oligonucleotides of claims 27 and 28. 

30. The method according to claim 29, wherein said two primers are selected from the following 
5 oligonucleotide combinations: a combination in which one oligonucleotide comprises at least 10 

consecutive bases of Oligonucleotide SEQ ID NO:20 and the other comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID IMO:21; a combination in which one comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO:19 and the other comprises at least 10 consecutive bases of 
Oligonucleotide SEQ ID NO:22; and a combination in which one comprises at least 10 consecutive 
io bases of Oligonucleotide SEQ ID NO: 20 and the other comprises at least 10 consecutive bases of 
Oligonucleotide SEQ ID NO: 22. 

31. The kit according to claim 4, wherein said pair of primers are selected from the group consisting of 
oligonucleotides of claims 27 and 28 for detection of Staphylococcus aureus, 

15 

32. The synthetic oligonucleotide according to claim 1, wherein said gene is the cholera toxin gene of 
Vibrio cholerae t and wherein the synthetic oligonucleotide comprises at least 10 consecutive bases of 
the oligonucleotide selected from the group consisting of Oligonucleotide SEQ ID NO:23, 
Oligonucleotide SEQ ID NO:24, Oligonucleotide SEQ ID NO:25, and Oligonucleotide SEQ ID NO:26. 

20 

33. The synthetic oligonucleotide according to claim 2, wheretn said nucleotide sequence is complemen- 
tary to the synthetic oligonucleotide of claim 32. 

34. The method according to claim 3, wherein said target DNA is a gene of Vibrio choierae and said 
25 primers are selected from the group consisting of oligonucleotides of claims 32 and 33. 

35. The method according to claim 34, wherein said two primers are selected from the following 
oligonucleotide combinations: a combination in which one oligonucleotide comprises at least 10 
consecutive bases of Oligonucleotide SEQ ID NO:23 and the other comprises at least 10 consecutive 

30 bases of Oligonucleotide SEQ ID NO:25; and a combination in which one comprises at least 10 

consecutive bases of Oligonucleotide SEQ ID NO:24 and the other comprises at least 10 consecutive 
bases of Oligonucleotide SEQ tD NO:26. 

36. The kit according to claim 4, wherein said pair of primers are selected from the group consisting of 
35 oligonucleotides of claims 32 and 33 for detection of Vibrio choierae. 

37. The synthetic oligonucleotide according to claim 1, wherein said gene is the enterotoxin gene of 
Clostridium perfringens, and wherein the synthetic oligonucleotide comprises at least 10 consecutive 
bases of the oligonucleotide selected from the group consisting of Oligonucleotide SEQ ID NO:27, 

40 Oligonucleotide SEQ ID NO:28, Oligonucleotide SEQ ID NO:29, Oligonucleotide SEQ ID NO:30, 

Oligonucleotide SEQ ID NO:31, Oligonucleotide SEQ ID NO:32, Oligonucleotide SEQ ID NO:33, 
Oligonucleotide SEQ ID NO:34, and Oligonucleotide SEQ ID NO:35. 

38. The synthetic oligonucleotide according to claim 2, wherein said nucleotide sequence is complemen- 
ts tary to the synthetic oligonucleotide of claim 37. 

39. The method according to claim 3, wherein said target DNA is a gene of Clostridium perfringens and 
said primers are selected from the group consisting of oligonucleotides of claims 37 and 38. 

so 40. The method according to claim 39, wherein said two primers are selected from the following 
oligonucleotide combinations: a combination in which one oligonucleotide comprises at feast 10 
consecutive bases of Oligonucleotide SEQ ID NO:27 and the other comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO:32; a combination in which one comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO:28 and the other comprises at least 10 consecutive bases of 

55 Oligonucleotide SEQ ID NO:33; a combination in which one comprises at least 10 consecutive bases of 
Oligonucleotide SEQ ID NO:29 and the other comprises at least 10 consecutive bases of 
Oligonucleotide SEQ ID NO:33; a combination in which one comprises at least 10 consecutive bases of 
Oligonucleotide SEQ ID NO:30 and the other comprises at least 10 consecutive bases of 
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Oligonucleotide SEQ ID NO:34; and a combination in which one comprises at least 10 consecutive 
bases of Oligonucleotide SEQ ID NO:3t and the other comprises at least 10 consecutive bases of 
Oligonucleotide SEQ ID NO:35. 

5 41. The kit according to claim 4, wherein said pair of primers are selected from the group consisting of 
oligonucleotides of claims 37 and 38 for detection of Clostridium perfringens. 
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